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PREFACE. 


The  want  has  long  been  ft*lt  by  our  Meclianiival  Engmeers,  as  well  as  liy  the 
Engineering  profession  at  hirge^  that  the  proLligioiKs  advance  made  of  recent  yea^rs  in 
the  construction  of  Steam  Engines  ^  resulting  in  an  affluence  of  patterns  both  sur- 
prising and  perplexing  —  called  for  the  compilation  of  a  comprehensive  work,  bring- 
ing the  most  remarkalile  antj  latest  approved  Engine  designs  of  all  coimtries  withui 
easy  reach. 

This  progress  has  manifested  itself  chietly,  among  Engines  working  with  "Auto- 
matic variable  expansion  gears'',  and  the  conspicuous  place  which  Corliss-engines  occupy 
^amongst  these,  may  entitle  them  to  the  foremost  position  which  they  hold  m  the  pre- 
it  work.  Alone,  there  w^ere  other  reasons,  which  recommended  this  arrangement, 
for  notwithshinding  that  Corliss-engines  have  been  largely  imitated,  they  are  still  com- 
paratively little  understood;  besides,  this  classification  offers  itself  as  the  most  con- 
venient method  of  comparing  various  Engines  working  expansively,  witli  other  highly 
approved  constructions.  This  arrangement  is  not  therefore  in  any  way  int-ended  to 
imply  '' umjiuesimmhle  mpermHir  of  the  Corliss- types  over  all  other  Engines,  for  there 
aro  Steam-motors  working  without  ''automatic  variable  cut-offs",  which  are  certamly  not 
inferior  to  the  first-named,  on  this  account 

For  these  reasons,  the  present  work  is  intended  to  offer,  a  systematic  record  of 
the  progress  hitherto  made  in  the  construction  of  Engines,  working  either  with  or 
without  Expansion-gears,  as  set  fortli  in  the  Title-page.  The  work  in  no  wise  confines 
itself  to  the  discussion  of  valve-gear  motions,  but  fully  describes  numerous  improve- 
ments, relating  to  Engine-details. 

In  this  manner,  the  original  work  lias  systematically  arranged  the  most  notable 
startionary  Engine  constructions,  and  its  Author  has  collated  about  14i^  different  Enfime 
types,  some  of  which  are  described  in  various  modifimtions.  The  present  Edition,  has 
been  supplemented  with  a  numl^er  of  Engines,  not  included  in  the  origmal  publication. 
Working  drawings  of  over  50  of  these  Engines  are  appended  in  Atlas-form  to  the  work. 
This  Atlas  contains  al*out  67;  Plafes,  with  all  the  necessary  working  dimensions  in- 
scribed for  the  immediate  use  of  the  Pattern  Room  or  the  Drawing  Office.  The  great 
pmctiml  utility  which  the  work  will  ]jrovo  to  Mechanical  Engineerfi,    is  thus  placed  be- 
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yond  doubt,  as  it  will  afford  them,  the  information,  as  well  as  the  experience  of  others, 
80  essential  to  their  own  continued  success. 

To  ensure  strict  accuracy,  the  large  Atlas-Plates  (16  in.  x  22  in.),  have  been  di- 
rectly transferred  to  stone  by  photo-lithography,  from  actual  working -drawings  four 
times  the  size  they  appear  in  the  Atlas.  In  addition,  the  working  of  each  Engine  is 
graphically  represented,  by  shewing  the  main  positions  of  the  valve-gear,  corresponding 
with  certain  crank-positions. 

The  descriptive  portion  of  the  worji  has  been  confined  to  the  ''practical  require- 
ments" of  the  Engineer.  It  is  profusely  illustrated,  and  is  treated  under  the  three 
different  heads  of  — 

I.    Descriptions  of  the  various  Engine-types. 
11.   Constructive  principles  and  differences  of  these  Engines,  and  economical 

results  obtained  in  working  them. 
III.   Method  of  calculating  and  constructing  the  different  Engine  parts,  exem- 
plified by  practical  examples. 
The  international  character  of  this  work,  —  treating  as  it  does,  of  the  latest 
approved  Engine-designs  of  all  countries  —  is  well  calculated  to  reveal  the  progress 
made  in  the  construction  of  Steam-motors,  and  to  keep  our  English  and  American  En- 
gineers thoroughly  informed,  on  the  degree  of  perfection  attained  by  the  various  com- 
peting nations. 

In  conclusion,  it  is  perhaps  needless  to  observe  the  help,  the  work  will  also  be, 
to  Patentees  and  others  engaged  in  Steam-engine  improvements,  as  it  will  show  them 
in  a  concise  manner,  what  is  really  new  and  what  is  old. 

Partington,  August  1879. 


Anatole  Tolhansen. 
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A.  Engines  working  with  Corliss  Valve-gears. 


I.   Engines  fitted  with  Corliss  Trip-gear. 

1.    Engines  designed  by  Geo.  H.  Corliss  of  Providence. 

The  first  Corliss  valve-gear. 

The  Centennial  Exhibition  of  1876  in  Philadelphia  contained  a  model  of  the  first  steam- 
engine  which  was  fitted  with  the  now  well  known  Corliss  valve-gear  as  patented  by  Geo.  H.  Corliss 
of  Providence  (U.  S.)  on  10  March  1849*)  in  the  United  States.  This  model  shows  us  a  Beam- 
engine  in  which  the  distribution  of  steam  in  the  cylinder 
is  efiected  by  flat  slide-valves. 

The  annexed  text-figure  1  gives  us  a  sketch  of  this 
original  construction,  and  though  according  to  our  present 
knowledge,  it  appears  in  a  very  crude  form,  yet  it  embodies 
the  main  principle  now  adopted  in  all  conceivable  practical 
variations. 

Our  illustration  shows  that  the  arrangement  of  this 
gear,  excluding  the  application  of  the  governor,  fulfils  more 
or  less  all  the  requirements  of  a  modern  improved  cut-oflf 
gear.  The  inlet  and  outlet  ports  are  separated,  and  so  ar- 
ranged as  to  render  them  as  short  as  possible;  the  opening 
of  the  slides  takes  place  quickly,  whilst  their  closing  accor- 
ding to  the  cut-ofl*,  is  instantaneous.  The  ^cut-off'  is  ad- 
justable at  pleasure,  during  the  working  of  the  engine  — 
though  it  does  not  yet  involve  the  direct  application  of  the 
governor  for  this  purpose. 

The  admission  of  steam  takes  place  on  the  left  side 
of  the  cylinder.  FF  are  small  rollers  which  transmit  their 
motions  to  the  slides  by  levers  or  toothed  segments;  levers  L 
resp.  LK  attached  to  these  rollers,  are  provided  with  a  catch  n  at  one  of  their  ends  which  grip 
into  notches  o  of  the  motion-rods  EE,  The  latter  are  connected  sADD  with  the  oscillating  gear-disc  A, 
In  a  similar  manner  the  rollers  F^F^  of  the  exhaust-ports  are  connected  with  the  same  oscillating 
gear-plate  A  by  the  levers  L^L^  and  the  motion-rod3  E^Ei.  Motion  is  imparted  to  the  gear-plate 
by  the  crank  C  being  worked  from  the  tail-rod  (B)  of  an  eccentric  placed  on  the  engine  crank-shaft. 

The  movement  of  the  gear-plate,  in  the  first  place,  imparts  motion  to  the  exhaust-slides  JF\  JPi, 
much  after  the  same  manner  as  the  working  of  the  ordinary  steam-engine  slide.  The  same  would 
take  place  with  the  inlet  slides  FF,  if  the  rods  EE  were  rigidly  connected  with  the  levers  LL, 
or   if   a  disengagement   of  the  trip-gear  at  n  did  not  ensue.     This  assumption   is  at  times  verified. 


Fig.  1. 


*)  According  to  Prof.  Radingcr's  work  on  'Engines  and  power  of  transmission  in  the  United  States',  the 
first  engine  working  with  variable  expansion  under  the  direct  application  of  the  governor  was  built  by  Corliss  in  1848. 
Its  cylinder- diameter  was  813  mm.,  the  stroke  1830  mm.  and  it  indicated  260  PP. 

Uhland-Tolhanien,  Corliu-enginei.  1 


inasmach  as  the  rods  EE  are  pressed  against  the  levers  LL  by  the  springs  SS,  so  that  a  disen- 
gagement can  only  ensue,  when  a  special  counter-pressure  is  brought  to  bear  against  the  springs, 
the  rods  EE  being  thereby  so  far  pressed  from  the  levers  LLj  as  to  slip  the  catches  nn  out  of 
the  notches  oo.  This  is  done  by  the  bolts  Elt  which  playing  on  inclined  sides  of  the  bar  iV,  force 
the  motion- rods  EE  in  their  return,  from  the  levers  LL.  On  the  disengagement  of  these  levers 
from  the  motion-rods  EE  by  the  bolts  RR,  the  v^eights  QQ  to  which  the  levers  are  connected  by 
the  rods  PP,  pull  the  latter  down  which  has  the  effect  of  closing  the  slides^  whilst  the  pull  of  the 
motion-rods  opens  them. 

The  higher  the  position  of  the  rod  N  is,  the  more  do  the  bolts  RR  approach  the  motion* 
rods  EE  and  the  sooner  are  the  latt  erpressed  back  and  disengaged;  consequently  the  sooner  will  the 
inlet*valves  be  also  closed  by  the  falling  action  of  the  weights.  The  position  of  the  rod  N  may  be 
adjusted  by  the  rack  and  endless  screw  T  (or  by  the  application  of  the  governor)  ^  by  this  arraDgement 
the  cut-off  may  be  varied  at  pleasure  within  certain  limits. 

Though  from  our  present  stand-point,  the  construction  we  have  just  explained  merely  pos- 
aesaes  historical  value,  yet  it  is  interesting  to  the  engineer  as  involving  the  characteristic  principle 
of  the  Corliss  valve-gear. 

The  second  Corliss  valve-gear. 

The  first  engine  working  with  circular-slide,  or  with  Corliss  valve  as  it  is  now  called, 
was  constructed  by  Corliss  in  1850.  We  have  a  sketch  before  us  representing  one  of  these 
first  constructions-     Our  text-figure  2  is  here  inserted  to   exemplify  this  second  Corliss  valve-gear. 

It  is  fitted  to  a  horizontal  cylinder,  and  its  arran- 
gement not  merely  betrays  analogy  to  the  first- 
named  Corliss  valve-gear,  but  it  forms  without  doubt 
the  connecting  link  to  the  couBtructive  arraDgement 
of  the  first  Corliss  engine  subsequently  introduced 
in  Europe, 

The  reference-letters  used  in  our  fig.  2  cor- 
respond to  those  inserted  in  our  fig.  1;  the  dille- 
rence  between  the  two  arrangements  is  thus  rendered 
all  the  more  discernible,  inasmuch  as  the  main 
contrast  consists  in  the  introduction  of  Corliss  valves 
in  place  of  the  flat  slide-valves  used  in  the  first 
construction. 

Referring  to  fig.  2,  FF  are  the  spindles  of  the  inlet-valves,  while  FiF^  correspond  to  tliose 
of  the  exhaust-valves.  The  latter  are  conuectcd  to  the  gear-plate  A  by  the  levers  LiL^  and  the 
ro<Li  E^E^,  The  spindles  of  the  admission-valves  are  loosely  attaclied  to  the  same  disc  by  tlie 
levers  LL  and  the  rods  EE;  this  is  effected  by  the  pin  7i  playing  into  a  slot  of  the  rod  EE,  wlien 
tlie  springs  S  jjress  the  rod  agaiust  the  levers.  If  the  holts  RR  are,  however,  forced  out  by  the 
action  of  the  governor  pulling  the  rod  N  wnth  its  inclined  planes  at  MM^  tlien  tlie  counter-pressure 
of  tlie  springs  SS  on  the  rods  EE  is  overcome,  and  the  pin  n  becomes  disengaged  from  the  slot 
of  the  rods  EE,  Sinniltuneously,  the  falling  weight  Q  comes  into  action  and  brings  the  lever  L 
into  the  position  shewn  to  the  right  of  our  cngniving.  In  order  to  check  any  shock  that  niiglit 
be  eaosed  by  the  falling  weight,  the  latter  is  cushioned  by  the  iiir  in  the  cylinders  0,  As  in  the 
fir«t  conNtniciion  so  aUo  in  this  necond  arrangement,  the  inlet  valve^spindles  are  fitted  with  bent 
levcn  LKf  whilst  the  wpii/liis  QQ  arr  (ounofffd  with  the  anus  KK:  us  :l  rule  these  Leni  levers 
are  osat  ia  one  piece. 

Tbe  gear-disc  A  is  moved  by  an  tn^centric  attnchetl  Ui  it  at  the  point  (/. 
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The  valves  are  so  arranged^  that  the  steam-ports  are  closed^  when  the  corresponding  motion- 
rods  are  disengaged^  or  when  the  levers  LL  are  in  their  extreme  positions  (vide  fig.  2  to  the  left);  the 
disengagement  of  one  rod  is  always  immediately  followed  by  the  closing  of  the  corresponding  valve. 

The  whole  of  this  gear-mechanism  is  symmetrically  arranged^  so  that  barring  the  slight 
variations  of  the  eccentric,  the  motions  on  both  sides  of  the  cylinder  are  equal. 

The  third  Corliss  valve-gear 

appears  to  have  been  designed  by  Corliss  in  1851  or  1852.  It  is  the  first  Corliss  valve-gear  which  bo- 
came  known  in  Germany,  where  it  was  adopted  by  the  Magdeburg  Steam  Navigation  Company  of  Buckau- 
Magdeburg    and   by  the  Wil- 

helmshiitte      near      Sprottau.  „  [___   ^__ _A         r — -y        ^ 

These  two  firms  exhibited  this  .^  ^       "J  ^        t.^T7  ft^iJ-lpI 

Corliss  valve-gear  at  the  London 
International  Exhibition  of 
1862,  and  for  this  reason  it  is 
oftentimes  called  in  Germany 
the  Corliss  construction  of  1862. 

The  same  arrangement 
slightly  modified  is  practically 
carried  out  at  the  present  time 
with  the  best  success  as  we 
will  show  later  on.  In  fact,  it 
is  preferred  by  many  compe- 
tent engineers  to  all  the  other 
subsequent  arrangements.  We 
shall  therefore  be  justified  in 
submitting  it  to  a  more  care- 
ful consideration;  this  the  more 
so,  inasmuch  as  it  has  be- 
come the  starting  point  of  the 
majority  of  subsequent  imita- 
tions of  Corliss  valve-gears. 

The  annexed  figure  3  shows  one  side  of  this  sym- 
metrical  valve-gear,  the  whole  arrangement  being  easily 
seen  from  our  text-figure  5  and  the  accompanying  Plate  I.*) 

The  gear-disc  A  oscillating  round  its  fixed  pivot  Z 
is  placed  at  one  side  of  the  cylinder  in  a  central  position 
to  the  four  valves;  it  is  actuated  from  the  point  6^  by  the 
eccentric  rod  By  and  is  furnished  with  four  additional  pin- 
holes  at  D,  D,  -Dj,  and  D^  for  the  attachment  of  the  two 
pairs  of  rods  {E  and  E^)  leading  respectively  to  the  inlet 
and  outlet  valves  {G  and  H).  Tlie  oscillating  angle  of  the 
disc  is  about  90^,  and  it  is  this  reciprocating  mofcioii,  which 
works  the  valves.  Owing  to  the  rigid  connection  of  the 
exhaust- valve  H  (by  the  lever  L^  and  rod  E^  to  the  disc  rig.  3. 


*)  The  roman  numbers  as  applied  to  the  Plates ,  refer  to  the  small  Plates,  whilst  ordinary  numbers  denote 
the  large  Plates. 
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Ai  the  alternate  movement  of  the  latter  is  imparted  to  the  exhaust-valve.  The  inlet-valve  G 
has  a  bent  lever  LK  fixed  on  its  spindle;  the  arm  L  carries  a  toothed  pin  n,  against  which  the  rod 
E  rests  in  such  a  manner^  that  its  catch-plate  o  by  working  against  the  pin  n  carries  the  lever-arm  L 
in  its  moving  direction.  A  corresponding  strong  spring  S  partly  holds  the  rod  tight  up  to  the  pin, 
or  prevents  the  rod  from  falling  (vide  fig.  4)  when  disengaged,  by  holding  it  up  and  keeping  it  in 
position,  so  that  the  pin  n  may  catch  it  again  at  the  proper  moment. 

As  long  as  no  disengagement  of  the  rod  E  takes  place,  so  long  does  it  maintain  a  regular 
reciprocating  motion,  in  which  course  it  is  not  only  assisted  by  the  spring  S,  but  also  by  the  counter- 
weight Q  attached  to  the  arm  K  of  the  valve  lever.  This  weight  is  suspended  from  the  rod  P,  and 
works  air-tight  in  a  cylinder  0,  the  air  of  which  cylinder  regulates  the  descent  of  the  weight  and  pre- 
vents sudden  shocks  or  jarring  from  taking  place.  With  this  object,  the  bottom  of  the  cylinder  or 
dash-pot  0  is  perforated,  and  furnished  with  a  flap-valve,  so  that  air  enters  the  cylinder  in  the 
ascent  of  the  weight  which  in  descending  forces  the  air  out  again  by  the  valve  v  at  the  side  of  the 
cylinder.  By  adjusting  this  last-named  valve,  —  i.  e.  by  opening  or  shutting  it  more  or  less  —  ready 
means  are  afforded  of  regulating  the  speed  of  the  weight- descent,  or  what  is  just  the  same  (on  account 
of  the  relation  existing  between  the  weight  and  the  inlet-valve),  the  closing  of  the  admission-port. 

It  is  readily  understood,  that  the  weight  Q  has  a  constant  tendency  of  turning  the  bent  lever 
LK  from  right  to  left,  and  of  pressing  the  pin  n  against  the  side  of  the  catch-plate  o,  so  that  this 
tendency,  aided  by  the  action  of  the  spring,  offers  a  sufficient  guarantee  for  the  regular  and  proper 
working  of  this  trip-mechanism.  We  may  therefore  conceive,  that  the  opening  of  the  inlet- valves 
is  due  to  the  pull  of  the  rod  E  whilst  their  closing  may  be  attributed  to  the  action  of  the 
falling  weight. 

The  problem  now  resolves  itself  in  rapidly  effecting  the  cut-off  at  any  point  of  the  stroke,  by 
disengaging  the  rod  E  from  the  lever  L  in  such  a  manner  as  to  free  the  pin  n  from  the  catch-plate  o 
and  allowing  the  falling  action  of  the  weight  Q  to  come  into  action  so  as  to  bring  the  bent  lever  LK 
into  an  extreme  position  corresponding  to  the  shutting  of  the  steam-inlet-port.  This  is  done  by  caus- 
ing the  rod  E,  in  its  ascending  motion  from  right  to  left  to  be  restrained  from  following  the  rising 
movement  of  the  pin  n,  when  as  a  consequence  the  latter  presses  against  the  spring  S  and  sub- 
sequently becomes  disengaged  from  the  catch-plate  o.  At  this  moment,  the  lever  is  liberated,  and 
following  the  pull  of  the  weight  assumes  its  extreme  position,  so  shutting  off  the  admission- port. 

The  resistance  to  the  continuation  of  the 

,^_ .  ^TTT^:gg . .'. .  - fer— TTTT}.  -  -  asccudiug  movement  of  the  rod  is  obtained  in  this 

/  .             1           '^~~\  M     T^ss-j^p-'  J     -J^L  instance   by   a   bolt  R   moving   vertically.     This 

/—^ ^ '^ — -^^Mii      ixl.^^^^^  bolt  rests  with  its  lower  end  on  the  rod  Ey  and 

/     I  I  :  [  J  nT7>    I  k      \\  C 

is  carried  up  and  down  by  the  movement  of  the 
rod,  provided  this  vertical  motion  is  not  prevented. 
An  adjustable  wedge-shaped  bracket  M  is  fitted 
on  a  rod  N  leading  to  the  governor,  to  prevent, 
if  need  be,  the  rising  of  the  bolt  It  From  fig.  3 
it  is  evident,  that  the  upward  motion  of  the  bolt 
E  will  be  the  sooner  arrested,  the  more  the 
bracket  M  is  moved  to  the  right.  These  parts 
are  so  proportioned,  that  according  to  the  posi- 
tion of  this  bracket,  resistance  is  offered  sooner 
or  later  to  the  rod  E  which  causes  its  disengage- 
ment; in  the  example  before  us,  the  bracket  would  move  to  the  left  —  vide  fig.  5  —  with  the  falling 
of  the  governor-balls,  and  it  would  advance  to  the  right  were  the  governor-balls  rising,  and  the  cut-off 
would  ensue  accordingly  later  or  sooner.    The  whole  arrangement  of  this  mechanism  is  exceedingly 


Fig.  4. 


well  adapted  to  such  a  method  of  disengagement;  alone  it  possesses  what  may  be  termed  in  many  cases 
the  detrimental  property  of  allowing  at  the  utmost  a  cut-oflf  At  %**»»  of  the  stroke  on  account  of  the  disen- 
gagement only  ensuing  with   the  return- 
stroke^  —  i.  e.  with   the  ascending  move- 
ment  of  the  rod  E,  as  may  be  seen  on 
referring  to  text-figures  5,  6  and  7. 

For  the  purpose  of  rendering  these 
woodcuts  plainer  the  mechanism  is  merely 
denoted  by  simple  lines,  and  the  same  re- 
ference letters  as  used  in  fig.  3  and  4  have 
been  retained.  The  extreme  position  of  the 
lever  and   the   rod  is  marked  h^  (fig.  7); 

II  resp.  h  represents  the  central  position 
of  the  mechanism  as  drawn  in  fig.  5,  and 

III  denotes  the  position  when  the  crank  is 
on  its  dead-centre  with  the  piston  at  the 
end  of  its  stroke.  In  this  position  the  valve 
has  somewhat  opened  corresponding  to  the 
lead.  The  distance  from  I — 111  corresponds, 
as  we  shall  presently  prove  to  the  valve- 
lap  +  the  lead.     The  position  111  and  the 

•extreme  position  h^  resp.  VI  are  the  limits 
within  which  the  direct  automatic  appli- 
cation of  the  governor  for  regulating  and 
varying  the  cut-ofi^,  may  be  utilised. 

Our  fig.  7  shows  that  the  ascending  movement  of  the  rod  at  the  beginning  of  its  motion  is  a  very 
rapid  one  inwards;  it  decreases  however,  the  more  its  travel  approaches  its  inner  limit.  The  distance 
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Fig.  7 


between  the  initial  and  end-positions  of  both  the  lever  L  and  the  rod  E  from  each  other  is  therefore  much 
greater  between  the  earliest  cut-off  and  a  cut-ofi*  at  Vi^  of  the  stroke  than  the  distance  between  the  posi- 


fi 


tions  corresponding  to  an  adtlitioual  cut-off  of  %(,  of  the  stroke*  As  a  consequence  the  regulating  will 
be  more  exact  with  low  or  early  cut-offs,  1han  with  high  or  lat42  cui-offs,  and  this  is  very  advanta- 
^p. — ^    ^  geous   inasmuch  as  Corliss   engines   are  now 
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generally   made  to   work   with   high-pressure 
steam  and  early  cut-offs. 

The  properties  of  tlie  Corliss  valve-gear 
we  have  just  discussed,  are  however  less 
favourable,  when  the  engine  is  subjected  to 
largely  varying  working  loads,  where  a  cut- 
off up  to  %  of  the  stroke  does  not  suffice.  Re- 
course may  then  be  had  t'O  driving  the  admission 
and  exhaust-valves  by  two  gear-discs  in  place 
of  the  one;  the  inlet-valves  and  outlet-valves 
are  then  each  driven  by  two  separate  and 
differently  set  eccentrics*  The  gear-plate  driv- 
ing the  admission-valves  may  be  bo  regulated, 
that  the  time  of  cut-off  may  be  nearly  doubled 
to  what  it  was  before,  or  brought  up  to  nearly 
Ykj  of  the  stroke.  Another  method  of  extend- 
ing the  ^cut-off",  in  cases  where  an  increase 
of  Vio  *^f  the  stroke  or  thereabouts  is  only  re- 
quired, consists  in  a  suitable  setting  of  the  air- 
valve  on  the  air-cylinder  0  (Fig.  3)  whereby  the 
falling  of  the  weight  Q  and  the  closing  of  the 
steam-port  is  retarded;  this  enables  a  cut-off 
corresponding  to  half  the  stroke  to  be  obtained, 
though  at  tiw  last  with  throttled  steam.  If  the 
bracket  M  is  placed  so  far  to  the  left,  so 
as  not  to  interfere  with  the  bolt  R^  then 
no  disengagement  takes  place  and  the  engine 
almost  ceases  to  work  expansively  the  ^cut- 
off* taking  place  very  near  to  the  stroke-end. 
The  central  position  designed  in  our  fig.  5, 
corresponds  to  the  midd  I  e  position  of  the  eccentric 
E  —  vide  tig.  6  —  and  the  crank-position  K. 
We  shall  refer  later  on  to  the  effect 
of  the  lever-motions  on  the  travel  of  the 
valves,  and  having  so  far  confined  our  ob- 
servations to  the  external  valve-gear,  the  an- 
nexed figures  8—10  will  enable  us  to  extend 
our  investigation  to  the  internal  arrangement 
of  this  valve-gear.  Thus  tig,  8  and  10  give 
us  a  longitudinal  section  of  the  steam-cylinder, 
through  the  circular- valves,  and  in  fig.  9  we 
have  a  transverse  section  of  the  cylinder 
showing  ihe  valves  in  plan.  As  represented 
jft  oitr  flgUTf  8,  the  position  of  the  valveri  corresponds  to  the  commencement  of  the  piston  stroke  when  the 
ennk  is  on  its  dead^oentre;  it  in  also  in  this  position  that  the  external  valve-gear  is  drawn  in  our  fig.  B. 
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The  admission-valve  G  is  shown  open  to  the  extent  of  its  lineal  lead  {\\^2*  to  Vig  in)  whilst 
the  exhaust'valve  //  though  long  closed  is  still  moving  and  shutting  off  steam.  In  order  to  render 
the  circular  travel  of  the  valves  more  feasible^  the  corresponding  angular  measure  is  inserted  in  onr 
figures,  though  it  must  not  be  confounded  as  indicating  the  position  of  the  valve-levers.  The  arc 
A  J  represents  the  full  circular  travel  of  the  valve,  corresponding  to  the  distance  traversed  by  the 
respective  motion-rods.  The  angular  travel  of  the  admission-valves  is,  however,  reduced  to  the  arc 
AE,  and  the  extreme  shut-off  of  the  valve  (r^  indicated  in  our  figure  by  the  line  E  drawn  to 
valve-centre  no  longer  coincides  with  the  centre-line  drawn  from  J  which  corresponds  to  the 
arc  described  by  the  resp.  motion- rod.  This  difference  in  the  two  circular  travels  is  due  to  the 
disengagement  of  the  motion-rods,  and  consequently  owiug  to  the  rigid  connection  of  the  exhaust- 
valves  with  the  gear-disc  no  such  dissimilarity  exists  in  the  travel  of  the  last-mentioned  valves. 
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Fig.  10. 
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Our  fig.  10  is  drawn  on  the  supposition  of  the  piston  having  travelled  about  one  third 
(0,36)  of  its  stroke,  i.  e,  of  its  haviug  reached  a  limit  within  w^hich  a  disengagement  is  still  possible 
through  the  direct  intervention  of  the  governor  In  this  case,  the  gear-disc  has  assumed  its  extreme 
position  in  the  direction  pointing  left,  which  is  also  the  case  with  the  open  inlet- valve  G,  so  that 
the  latter  would  begin  its  return-travel  quite  independent  of  any  disengagement  ensuing.  The  corre- 
sponding exhaust-valve  If  has  arrived  at  its  exti*cme  ^shut-off'  position,  whilst  tlie  opposite  exhaust- 
Talvi»  fl,  has  similarly  attufned  its  maximum  open  position.  The  inlet-valve  ^j  drawn  to  the  left 
of  oar  engraving  is  still  closed,  but  is  just  on  the  point  of  opening  as  its  motion -rod  is  now  about 
t^  begin  its  return-stroke. 

The  valves  are  made  almost  as  long  as  the  cylinder  diameter,  as  our  fig.  9  shows;  tlie  steam- 
passages  correspond  and  are  of  a  long  rectangular  cross-section.  This  form  is  very  advantageous 
for  the  rapid  in-letting  and  shuttiug-oft'  of  the  steam,  inasmuch  as  the  valves  require  very  little 
travel  to  open  out  thr  passage  to  its  utmost.  The  exhaust-ports  are  of  course  made  larger 
than  the  inlet-passages,  though  it  is  necessary  to  observe  that  the  shutting  of  the  exhaust- 
passage  is  effected  in  quite  a  different  manner  to  that  of  the  iulet-pasHage,  on  account  of  the 
dissimilar  construction    of  the  valves   themselves.     Corliss   valves  do   not   work   as   ordinary   valves, 
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but  they  are  absolutely  circular-valves  which  travel  over  a  concave  surface.  As  in  the  case 
of  the  common  sliile-valve,  these  circularvalvea  are  pressed  against  their  seatings  by  the  pres- 
sure of  the  steam,  and  are  thua  rendered  steam-tight.  This  exigency  is  attnained  in  tlie  most  simple 
manner  with  the  inlet-valves,  inasmuch  as  the  j)res8nre  of  the  steam  has  already  the  tendency 
ot  keeping  the  valve  close  np  to  its  seating;  all  that  is  necessary  for  providing  inlet-valves  con- 
structed as  j^hown  in  fig.  8  and  9  with  Kuitahle  guide  and  bearing  surface,  is  the  addition  of  the 
Hector  A-  to  the  valve  which  forms  a  suitable  passage  for  the  steam  through  the  valve.  This  arran* 
gement  may  however  be  evaded,  if  the  liearing  surface  from  the  steam-port  e  is  somewhat  enlarged 
lowartla  the  cylinder-centre,  so  that  the  valve  may  have  sufficient  bearing-surface  even  when  placed 

in    its    extreme    open  position    (vide    fig.    10    top 

,' ' — ^  right-liand  coriierj.     The  outer  surfiiee  of  the  valve 

is  merely  worked  up  at  its  ends  ami  seatings,  the 
other  portions  being  kept  somewhat  recessed  for 
convenience  of  casting. 

The   form  of  the  admission  valves   is   best 
seen  on   referring   to   fig.    U.     The    valve-spindle 

j shown  in  r\^.   12   is  inserted  in  the  cast-iron  lH>dy 

71"*^'  1^  of  the  valve,  ijito  which  it  is  accurately  tit  ted.     To 
ensure  greater  safety,   small  springs  are    at   times 
--^rr  9r^  —^-   inserted   as    shown    in    fig.    12  between  the    valve- 
spindle  and  the  valve. 

As  already  states!  tlie  construction  of  the 
exhaust- valves  diflers  from  that  of  the  inlet- valves. 
Since  with  the  former,  the  steam-pressure  is  always 
greutesi  in  the  eylinder,  it  follows  that  the  valve 
would  be  lifted  off  its  seating  if  it  was  made  to 
rest  on  the  exhaust-port  a.  Owing  to  this  rea*son 
it  is  usual*)  to  [dace  another  exhaust  jiort  n,,  an<l 
to  allow  the  .steam  to  circulate  round  the  valve  in  such  a  manner  that  its  presstire  keeps  the  valve 
clone  up  to  its  seating  on  this  second  exhaust-pori  To  ensure  a  sufficiently  large  exhaust,  a 
portion  of  the  metal  is  removed  from  the  valve  as  shown  in  Hg.  13.  Covers  are  screwed  <ui  to 
each  side  of  the  valve-box,  the  fn»nt  one  of  which  serves  as  a  stuffing-box  for  the  valve -spindle, 
and  also  forms  a  bearing  for  the  end  of  this  spindle. 

Our  woodcuts  sliow  that  the  ad  mission- valves  are  arranged  with  a  cousiderabjp  la[i,  in  order 
to  secure  an  efficient  shutting-off.  This  lap  corresponds  to  the  one  we  are  accustomed  tu  irive  to 
the  ordinary  flat  glide'Valve. 

The  travel  of  the  working  valve-edges,  and  their  position  in  respect  to  the  ports,  with 
special  regard  to  the  valves  arranged  to  the  right  of  the  gear-plate,  are  shown  in  our  ainiexed 
figure*  11,  Ifj,  10  and  17  which  also  refer  to  the  machine  represented  in  our  Plates  2  and  3.  The 
diagram  drawn  in  tig*  15,  shows  graphically  the  travel  of  the  admission- valves  as  referred  to  the 
piston  motion:  thus  from  A  to  B  we  have  the  distance  travelled  by  the  working  edge  of  the  inlet* 
valve  during  the  forward  piston-motion,  while  B  to  C  represents  the  travel  of  the  same  valve-edge 
duriBg  the  return-stroke  of  the  piston.  This  graphical  representation  in  connection  with  the  indi- 
cator-diagrama  to  whicli  we  shall  again  refer,  is  a  very  convenient  way  of  arriving  at  a  ready 
and  correct  estimation  of  the  valve  of  this  gear,  and  tiie  method  is  in  itself  so  easy  as  to  be  in- 
telligible to  the  least  experienced  engineer.     If  we  examine  tlie    curve  described  by   the  working 


T 


Fiff.  la. 


•)  Wc  iibiiU  ovinituall^  rrfiir  to  onothfir  arratigvinMit  of  the  Nieum  ^xbauit. 


edge  of  the  valve  in  relation  to  the  progressive  movement  of  the  piston,  then  y  (provided  the  valve- 
edge^  is  supposed  to  continue  its  travel  as  indicated  by  the  dotted  line  pertaining  to  the  preceding 
piston-stroke)  denotes  the  opening  of  the  port^  corresponding  to  the  distance  of  the  piston  from  its 
dead  centre ,  which  depends  on  the 
lead-angle  of  the  eccentric  and  gives 
a  lineal  lead  v  of  about  ^\f,  in.  The 
valve  now  continues  its  travel  to  the 
left;  with  the  arrival  of  the  piston 
h  on  its  dead -centre,  the  valve 
has  opened  according  to  the  lineal 
measure  of  its  lead,  and  continuing 
its  travel  to  the  left,  the  valve  is 
constantly  opening  out  the  port,  till 
at  f  the  limit  cc  of  the  admission 
port  is  exceeded,  when  the  steam- 
port  is  quite  open.  In  this  position 
the  piston  is  at  about  one  fifth  of 
its  stroke.  The  valve  continues  to 
move  in  the  same  direction,  till  it 
arrives  at  g  when  it  commences  its 
return-stroke.  The  last  moment  at 
which  the  valve  can  become  disen- 
gaged, is  when  the  v.ilve  is  in  the 
last  named  position,  as  no  disen- 
gagement can  take  place  during  the 
return  motion;  but  as  the  disen- 
gagement of  the  draught-rod  from 
the  valve-spindle  levers  demands  a 
certain  amount  of  travel,  the  limit 
of  automatic  disengagement  must 
take  place  sooner  and  we  have  marked 
this  limit  with  the  line  mm,  which 
we  may  further  observe  corresponds 
to  %r^  of  the  piston-stroke  or  to  a 
little  more  than  a  third  of  the 
stroke.  If  the  valve  is  not  disen- 
gaged at  this  limit,  then  the  con- 
nection between  valve  and  gear-plate 
is  maintained  and  the  valve  begins 
its  return  travel  to  the  right.  At 
the  point  h  the  valve-edge  begins 
to  throttle  the  port  which  it  conti- 
nues to  do  till  at  i  or  nearly  at 
*72o  of  the  piston-stroke  when  the 
steam -port  becomes  quite  closed* 
Hence  it  follows,  that  provided  no 
disengagement  takes  place,  a  maxi- 
mum   cut-oflF  of  ^%o  of  the  piston 
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stroke  is  rendered  ,  possible ,  though  it  is  at  once  apparent  that  towards  the  approach  of  tlie 
cut-offy  the  steam  is  much  throttled.  Continuing  its  travel  the  valve  progresses  to  lap  rapidly,  so 
much  so  tlmt  the  lap  is  already  ^^/,g  in.  at  the  stroke-end*  Tlie  return-travel  hegina  at  iirat  very 
slowly,  but  is  accelerated  towards  the  stroke-end,  so  that  it  may  open  comparatively  rapidly  for  a 
fresh  steam-supply. 
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Without  in  any  way  anticipating  the  issue  of  our  subsequent  investigations,  in  which  we 
shall  compare  the  various  valve-gear^  with  each  other,  the  diagram  just  alluded  to  contirms,  apart 
from  the  additional  proof  supplied  by  the  practical  working  of  this  Corliss  valve-arrangement,  that 
its  distribution  of  steam  is  exceedingly  favourable,  though  a  rapid  complete  opening  of  the  steam- 
ports,  as  affirmed  by  many,  does  not  actually  take  place.  On  the  contrary*  the  diagram  shows  that 
with  an  early  shotting  oif  of  the  valve,  the  port  is  not  completely  opened,  a  defect  which  becomes 
all  the  more  serious,  since  Corliss  engines  are  generally  made  to  work  with  an  early  cut-oft",  so  that 
under  certain  conditions  such  an  engine  would  never  work  with  its  steam-ports  fully  open,  A  remedy 
to  this  defect  suggests  itself  in  tlie  application  of  narrow  and  very  long  steam^passages  without 
jnt/^rfering  with  the  travel  of  the  valves. 

The  diagram  represented  in  our  fig<  14,  and  referring  to  the  exhaust  steam- valve,  explains 
tpiiir  (similarly  the  travel  of  the  latter^  the  distance  A^  to  7i,  corresponding  to  the  forward^  while 
//,  to  (\  givi*j4  us  the  r«turn-struke  of  tht*  piston* 
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In  this  figure  the  lead  v  is  much  larger  than  it  is  represented  in  fig.  13,  as  it  amounts  to 
nearly  one  third  of  the  width  of  tho  port.  Moreover  the  slide  has  a  very  rapid  downward  motion, 
enabling  the  exhaust-port  to  be  already  fully  opened  at  Viu  ^^  the  stroke.  This  port  remains  open 
up  to  7i^,  of  the  stroke,  and  tlie  valve-edge  attains  its  greatest  downward  declination  at  the  point 
</^  which  corresponds  to   between  "/lo  *^^  Vio  ^^  *^^  piston-stroke.    The  valve  now  again  ascends, 
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and  commences  to  shut  off  the-  exhaust  port  at  ?*,,  completely  closing  the  same  at  i\.  With  the 
return  of  the  piston,  the  exhaust-valve  is  at  Atj,  and  having  attained  its  maximum  ascent  at  /, ,  the 
eachauetrport  begins  to  open  after  ^to  ^*'  ^^^  piston-stroke. 

We  may  also  perceive  by  comparing  the  two  diagrams,  that  the  ports  are  quite  closed,  the 
moment  the  steam- exhaust  out  of  the  cylinder  ceases,  since  the  exhaust- valve  is  shut,  and  tho  iidet- 
valve  has  not  yet  begun  to  open*  During  such  periods  compression  of  the  steam  takes  place  in  the 
cylinder,  and  it  is  therefore  the  task  of  the  machinist  to  arrange  his  constructive  arrangement  in 
such  a  manner  that  the  pernicious  effect  of  back -pressure  may  be  least  felt. 

The  position  of  the  inlet-  and  exhaust-valves  in  relation  to  the  crank-position  is  referred  to  in  our 
fig.  16  and  17,  the  first  of  these  diagrams  relating  to  the  inlet-,  and  the  second  to  the  exhaust-valve. 
In  order  to  show  clearly  the  working  positions  of  the  two  valves  during  one  stroke,  the  travel  of  the 
exhaust-elide  is  also  indicated  by  the  dotted  line  in  our  fig.  16.  This  diagram  explains  very  effectively 
the  limits  of  the  adjustable  cut-off,  as  well  as  of  the  ordinary  rate  of  expansion,  exhaust,  or  compression. 
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These  working  conditions  are  still  better  represented  in  our  fig.  18  and  19,  which 
similarly  refer  to  the  engine  shewn  by  our  plates  1  and  2.  The  radii  drawn  in  the  circle  refer  to 
the  position  of  the  crank  at  certain  stroke-portions  —  L  e.  piston-positions  •—  which  are  indicated 

by  the  figures  appended  to 

.b  .        the     circumference    of    this 

circle,  and  the  using  of  the 
steam  expansively  or   other- 
wise is  shewn  by  the  diflferent 
shaded  portions  of  our  dia- 
gram. The  admission  of  steam 
commences  at  a  or  at  about 
Vioo  ^f  ^^®  stroke  before  the 
dead-centre  is  reached.  From 
a  to  6  we  have  the  limit  in 
which  the  direct  application  or 
intervention  of  the  governor 
-  is  possible,  inasmuch  as  the 
disengagement  of   the   trip- 
gear  must  at  the  latest  ensue 
a,i  by  if  it  is  to  take  place 
at  all.  In  this  case,  the  expan- 
sive  working  of  the   steam 
is  allowed  to  continue  from 
b  to  d.    If  however  such  a 
disengagement    of  the   trip- 
gear  does  not  take  place  at  &, 
then  the    inlet-port   is   only 
closed  at  the  ordinary  point 
of  cut-off  c,   and  the  steam 
is  merely  worked  expansively 
from   c   to   rf.     At  this  last- 
named    point,    the   exhaust- 
port  opens  with  considerable 
lead  amounting  to  7ioo  ^^  ^^® 
piston-stroke.     The  exhaust  continues  to  e  where  the  exhaust-port  closes,  and  since  both  inlet-  and 
outlet-valves   are  closed   from  e  to  a,   the  piston  is  compelled  to  compress  the  steam  which  may 
have  remained  in  the  cylinder  and  compression  takes  place  during  this  period.    Our  fig.  19  will  help 
to  elucidate  our  diagram  (fig.  18),  inasmuch    as   the   forward   piston-stroke   is   represented  by   the 
upper  half  of  the  drawing.     The  admission   of  steam  commences  at  a  (fig.  19)  on  account  of  the 
lead,  and  as  already  explained,  we  find  the   admission  of  steam  to  be  from  a  to  b^  or  eventually 
to  c,  and  we  note  the  expansion  to  take  place  from  b  to  d  or  only  from  c  to  d,  whilst  we  have 
emission  (exhaust)  of  steam  from  d  to  e  which  is  followed  by  compression  from  e  to  a. 

Perhaps  it  need  not  be  observed,  that  the  cut-off  may  happen  at  any  point  between 
a  and  6,  so  that  the  admission  of  steam  to  the  cylinder  may  be  cut  off  to  any  extent,  whilst  the 
steam  will  accordingly  be  worked  all  the  more  expansively.  In  conclusion  we  may  add  that  the 
motion-rods  may  be  lengthened  or  shortened,  for  adjustment  purposes;  the  same  remark  applies 
especially  to  the  eccentric  rod,  the  lengthening  or  shortening  of  which  augments  or  decreases 
the  lead. 


Fig.  18  jmd  19. 
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The  fouilli  Corliss  valve-gear. 

In  1858j  Corliss  designed  a  valve-gear  which  was  neither  piiteuted,  nor  often  constructed  by 
him.  On  the  other  hand  this  valve*gear  has  been  largely  repeated  in  America  in  engines  of  the 
Harris-Corliss  type  which,  if  our  information  i«  correct,  are  used  by  several  engineering  firms. 
Probably  in  order  to  secure  the  riglit  of  priority,  Corliss  exliJbited  a  model  of  this  mechanism 
at  the  Philadelphia  Exhibition.*)  The  illustrations  fig.  20 — 23  represent  this  valve-gear  as  attached 
to  a  Harris-Corlisg-engine*  Our  fig.  20  shows  us  an  exrt.emal  view  of  tlie  valve*gear  to  the  right  of 
the  gear-disc:  a  part  section  of  the  admission- valve  mechanism  is  shewn  in  fig.  21,  whilst  in 
tig.  22  we  have  drawn  the  geometrical  connection  between  the  gearing-parts,  and  the  chief  positions 
of  the  disengagement-tackle  are  represented  in  fig.  23. 

In  the  main  this  valve-gear  is  identical  with  the  preceding  mechanism  to  which  we  have 
referred  as  the  third  Corliss-valve-gear;  it  differs,  however,  in  the  manner  in  which  the  disengage- 
ment of  the  trip -gear  is  effected,  as  well  as  in  the  working  of  the  valve-lever.  The  bent  lever 
KL  (lig,  20  and  21)  on  the  valve-spindle  is  here  retained,  but  a  collar  n  is  fitted  to  the  leverarm 
L  into  which  collar  the  end  of  the  draught-rod  E  fits  loose.  The  latter  is  made  square  in  section 
behind  the  collar  so  as  to  receive  a  fork  J  pivoting  on  a  centre  m.  The  lower  prong  of  this  fork, 
carries  a  steel-plate  o  against  which  the  ^collar  n  is  made  to  catch  in  the  mBmner  shewn  in  our 
illustration.  The  spring  S  has  the  tendency  of  pressing  the  fork  upwards  i,  e.  of  keeping  the  same 
in  the  position  represented  in  our  engraving.  Consequently  with  the  forward  motion  of  the  draught* 
rod,  the  fork  will  cause  the  valve-lever  to  tarn  owing  to  the  collar  n  catching  against  the  fixed 
|ateel -plate  o.  In  this  arrangement  as  in  the  previously  described  valve-gears,  the  trip-gear  is  kept 
'in  working  order  by  the  action  of  the  weight  suspensed  from  the  rod  I\ 

The  disengagement  is^  simply  effected  by  the  fork  being  disconnected  from  the  collar  h. 
It  will  be  noticed,  on  referring  to  our  illustration,  that  there  is  a  small  lever  M  fitted  to  the  valve- 
spindle  behind  the  bent  lever  AV>;  this  lever  M  is  connected  with  the  governor  by  the  rod  N^ 
whilst  its  low^er  side  is  provided  with  a  projecting  pin  li.  If  this  lever  M  is  made  to  swivel  in 
the  contrary  direction  to  the  hands  of  a  watch,  the  pin  U  will  come  in  contact  with  the  upper 
prong  of  the  fork  J  and  press  it  down.  According  to  the  position  of  the  governor  this  pin  will 
prevent  the  fork  sooner  or  later  firom  continuing  its  rising  motion  with  the  rod  E^  and  so  cause 
the  fork  /  to  turn  on  its  centre  i»,  thereby  bringing  the  collar  n  clear  of  the  steel-plate  o.  As 
jn  as  this  happens,  the  falling  weight  P  comes  into  action,  and  carrying  the  bent  lever  with  it, 
ncaoBes  the  admission-port  to  close. 

In  fig.  22  we  represent  the  right  hand  valve  in  the  position  shewn  in  our  fig,  21,  whilst 
on  the  contrary  the  left  hand  valve  is  represented  as  being  disengaged. 

The  conditions  implying  a  disengagement  are  nearly  the  same  as  in  the  third  Corliss  valve- 
:^  which  assertion  becomes  self-evident  on  comparing  the  two  sketches  shewn  in  fig.  5  and  23. 
This  fourth  Corliss  valve-gear  does  not  therefore  greatly  vary  from  the  preceding  arrange- 
taeut.  The  two  differ  chiefly  in  the  putting  in  and  out  of  gear  of  the  trip- gear,  the  first  of 
which  is  somewhat  more  complicated^  though  the  latter  —  the  disengagement-method  —  is  undoub* 
tedly  much  simplified. 

The  fifth  Corliss  valvc-gcar. 

At  the  Paris  International  Exhibition  of  1867,  Mr,  Corliss  presented  an  entirely  new  Corliss 
engine  construction.  This  arrangement  differed  considerably  from  the  preceding  ones,  the  fundamental 
principle  alone  being  retained,  whilst  great  difference  was  shown  in  matters  of  form  and  detail  and 


^  An  accouQi  of  this  model  appears  ia  Diugler*s  polyt.  JourDal  vol.  1222,  part  2. 
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especlallj  in  the  application  of  springs  instead  of  weiglita  for  tlie  closing  of  the  valves.  This  fifth 
arrangement  was  patented  by  Corliss  already  in  ISoO,  though  on  account  of  the  time  at  which  it 
became  known  in  Europe  it  is  sometimes  called  the  Corliss  valve-gear  of  1867.  Additional  impor- 
tance is  attends  this  arrangement  owing  to  the  first  application  of  a  bayonet-formed  .support  commonly 
known  as  the  OorliisS  engine  frame. 

Our  illustrations  fig*  24 — 30  give  sketches  of  this  fifth  Corliss  valve-gear  as  drawn  from  an 
engine  constructed  at  the  machine  works  of  the  WilhelmshOtte  near  Sprottau.  Fig,  28  represents 
the  geometrical  relation  of  tlie  various  working  parts  of  the  valve-gear,  whilst  fig.  24 — 27  illustrate 
the  gear*disc  and  the  spring  link-mechanism  in  connection  with  the  tw^o  valves  nearest  to  the 
gear-disc. 

We  observe  at  the  outset,  that  the  gear-disc,  together  with  the  whole  of  the  trip-gear 
has  been  shifted  from  the  central-position  it  formerly  occupied  on  the  cylinder ,  to  the  front  of  the 
latter^  w^hilst  the  governor  is  placed  in  close  proximity  to  the  gearing  mechanism*  To  the  engine 
bed  is  screwed  a  Y-formed  frame  1",  for  the  purpose  of  attaching  thereto  the  whole  of  the  valve* 
gear  mechanism.  In  the  iirst  place  the  gear-disc  A  swivels  round  its  centr«?-pin  Z\  it  is  generally 
made  somewhat  triangular  in  form  and  is  actuated  by  the  crank  ('  and  the  eccentric  rod  IL  The 
position  of  the  crank  C  to  the  gear-disc  A  is  so  chosen  that  while  the  motion  of  the  crank  extremity 
is  almost  horizontal,  the  resulting  travel  of  the  external  pivots  on  the  gear-disc  is  almost  vertical 
or  perpendicular  to  the  former.  In  the  engine  here  selected  as  an  example,  the  horizontal  centre 
line  of  the  gear-disc  is  in  one  plane  with  the  cylinder  axis 5  this  is  however  not  always  the  case, 
as  at  times  the  gear-disc  is  placed  somewhat  higher,  especially  when  the  valve-spindle  levers,  instead 
of  pointing  downwards  as  in  this  example,  point  upwards. 

The  two  rods  E^Ei  are  rigidly  connected  through  the  pivots  D^D^  to  the  right  of  the  gear- 
disc  Af  and  coimect  the  latter  with  the  exhaust-valves;  as  these  rods  cross  each  other,  the  one  is 
fastened  to  the  front  while  the  other  is  attached  to  the  under-side  of  the  gear-plate  A,  Two  small 
rods  €€  similarly  attached  to  the  front  and  hind  faces  of  the  left  side  of  the  gear-disc  (fig.  24) 
impart  the  motion  of  the  latter  to  two  1-formed  links  TT  ronnd  their  centre  t.  Spring-plates  SS 
are  inserted  in  such  a  manner  along  the  rib-backs  of  these  links  that  while  their  lower  extremities 
are  fastened  thereto,  the  top  ends  are  left  free  to  move,  though  connected  by  small  rods  Tj^j  to  the 
rods  00,  Immediately  over  these  rods  and  attached  by  centre-pins  to  the  links  Tl]  are  two  spring- 
latefaefi  NN^  the  right  ends  of  which  are  furnished  with  steel -plates  n  which  catch  against  the 
projections  o  of  the  rods  00  (vide  fig.  27).  The  latter  are  made  to  slide  in  long  sleeves  QiQi^  and 
are  provided  with  air-buflFers  ^y,  the  intermediate  links  EE  connecting  the  admission  valve-levers 
with  these  rods  00,  We  may  also  add,  that  in  the  construction  we  have  illustrated,  the  two 
latches  NN  are  provided  with  springs  (weights  are  sometimes  substituted  for  these  springs)  which 
press  the  steel-plates  nn  against  the  projections  oOj  whilst  the  action  of  the  springs  SS  have  a 
similar  tendency  in  drawijig  the  rods  00  against  the  spring-latches  NN,,  consequently  the  latter 
may  he  considered  rigidly  connected  with  the  rods  00,  so  long  as  the  spring  latches  are  not 
disengaged. 

Assuming  no  disengagement  to  ensue,  then  the  working  of  the  engine  causes  the  links 
to  oscillate  to  and  fro,  imparting  an  alternate  horizontal  motion  to  the  rods  00  and  on  to  the 
links  EEf  which  motion  is  thence  transmitted  to  Uie  valve-levers  LL  causing  the  latter  to  swing 
round  their  valve-spindle  centres,  as  is  plainly  shovm  in  fig.  28,  In  this  maimer  the  circular  slides 
work  similarly  to  the  ones  we  have  already  described,  and  if  these  spring-latches  are  not  disengaged, 
then  the  cut-off  of  the  steam  takes  place  at  nearly  the  stroke-end, 

Tlie  disengaging  mechanism  consists  of  a  double-lever  jlf,  having  a  plate  R  at  its  right  end 
whilst  its  other  extremity  is  connected  with  the  sliding  collar  of  the  governor.  According  to 
the   declination   of  the  governor- balls,  the   plate  It  will   be  moved  higher  or  lower,  and  accordingly 
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the  spring-latch  will  come  in  contact  with 
it  later  or  sooner  whilst  oscillating,  which 
contact  corresponds  to  the  disengagement 
of  the  spring-latch.  As  soon  as  the  latter 
-^relieves  the  rods  00,  the  springs  SS  act  all 
the  quicker  owing  to  their  having  been 
pressed  back  through  the  moyement  of  the 
links  T]  consequently  the  rods  00  are 
rapidly  thrust  back  and  this  motion  is 
transmitted  to  the  valves.  For  staying  the 
force  of  this  shock,  air-buffers  QiQi  are 
introduced  and  are  adjustable  by  small  valves  v. 

The  conditions  under  which  diaeu- 
gagement  ensues,  may  be  read  off  the  fig.  29 
which  has  reference  to  the  engine  represented 
in  our  Plates  6  and  7.  Our  iUustration 
shews  that  with  the  present  arrangement 
as  before,  the  various  positions  of  the  apring- 
latch  in  relation  to  the  piston-stroke,  are 
further  apart  at  earlier  than  with  later  cut- 
offs. In  the  last  named  diagram,  /  indicates 
again  the  initial  and  //  the  middle  position, 
III,  IV  and  F  refer  to  cut-offs  at  respectively 
V20;  %  ^^^  %o  (0,46)  of  the  piston-stroke,  the 
last  being  the  maximum  limit  of  steam- 
admission  at  which  automatic  disengagement 
may  still  ensue. 

The  arrangement  of  the  admission 
and  exhaust -valves  is  represented  in  our 
fig.  30  and  31.  On  account  of  the  two 
admission-valves  GG  each  moving  in  the 
same  direction  (and  not  in  symmetrical 
directions  as  in  the  preceding  Corliss  valve- 
gears)  the  valves  must  be  so  designed  that 
the  opening  of  the  ports  may  ensue  on 
taming  the  valve  to  the  right  ^  which  is 
simply  done  in  the  case  before  us  by  a 
corresponding  widening  of  the  slide-face  (see 
also  Plate  7). 

In  our  fig.  32 
and  33  we  illustrate 
the  progressive  tra- 
vel of  the  inlet  and 

exhaust -valves  in 
relation  to  the  piston- 
stroke.     These  diagrams  similarly  belong  to  the  engine 
shewn  in  oiur  Plates  6  and  7.     Fig.  32  refers  in  this 
sense  to  the  inlet,  whilst  fig.   33   corresponds  to  the 

nhl»Dd-Tolhan8en,CorIi8g-engineg. 
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exhaust-valve.  The  lineal  lead  of  the  first  amounts  to  V^^  in.  (2  mm.)  so  that  the 
steam  enters  through  a  passage  of  corresponding  width  when  the  crank  is  on 
its  dead  centre.  With  the  advance  of  the  piston^  the  valve  continues  to  open 
the  port,  though  not  so  rapidly  as  was  the  case  with  the  previously  discussed 
diagram,  since  the  port  is  only  fully  open  at  F  or  at  ^1^  of  the  piston-stroke. 
The  port  remains  fully  open  till  the  piston  has  travelled  about  Vjo  of  its 
stroke,  when  it  begins  to  close  slowly,  the  complete  shutting  of  the  same 
only  taking  place  at  about  the  end  (0,99)  of  the  stroke.  This  would  form 
the  limit  of  the  admission  of  steam  to  the  cylinder,  if  it  had  not  been  cut  off 
before,  either  by  the  disengagement  of  the  spring-latch  or  the  shutting  of  the  valve. 

The  limit,  however,  at  which  automatic  disengagement  may  ensue  is  some- 
what high  in  the  engine-type  under  discussion,  inasmuch  as  the  greatest  declina- 
tion of  the  admission-valve  is  at  g  or  at  about  %o  (0,46)  of  the  piston-stroke,  en- 
abling the  disengagement  to  still  take  place  at  a  cut-off  of  %  of  the  piston-stroke. 

The  admission-valve  remains  a  considerable  time  in  its  end-position,  ow- 
ing to  its  travel  being  infinitely  small  during  Yj  to  %  of  the  piston-stroke. 

Less  favourable  is  the  travel  of  the  exhaust-valve.  At  the  beginning  of 
the  piston-stroke  it  opens  with  a  lineal  lead  of  Vg  in.,  but  merely  oversteps  the 
port  at  about  \  (0,34)  of  the  piston-stroke,  in  order  to  already  begin  to  shut  it 
at  about  half  the  piston-stroke.  The  closing  of  the  port  is  certainly  very  slow 
and  so  late,  that  any  compression  of  the  steam  is  almost  out  of  question. 

The  sixth  Corllss-valve-gear. 

We  are  indebted  to  Prof.  Radinger*)  for  the  first  reliable  information 
which  reached  Europe  concerning  this  sixth  Corliss-valve-gear.  We  illustrate 
on  Plate  IV  an  engine  fitted  up  with  this  gear,  which  the  reader  will  find  supple- 
mented by  our  figures  34  to  36. 

Corliss  has  applied  this  arrangement  to  all  his  engines  since  1875,  and 
the  large  Beam-engine  which  was  so  much  admired  at  the  Centennial  Exhibition 
(Philadelphia)  was  fitted  up  with  a  valve-gear  identical  in  principle  with  this 
sixth  arrangement. 

We  may  first  observe,  that  Corliss  here  again  places  the  gear-disc  about 
the  centre  of  the  cylinder,  whilst  the  shutting  of  the  inlet-valves  is  no  longer 
done  by  weights  or  springs,  but  on  the  contrary  by  the  application  of  atmo- 
spheric pressure.  Moreover  the  gear-disc  has  also  undergone  a  change,  as  it 
merely  carries  two  pins  for  the  attachment  of  the  motion- rods,  which 
is  rendered  possible  by  connecting  these  in  pairs  to  one  stud  as  hereafter 
explained. 

The  gear-disc  is  mounted  eccentric  fashion  on  the  pivot  Z,  and  receives 
its  motion  in  the  usual  manner  by  an  eccentric  rod  B  through  pin-connection  C 
To  the  lower  part  of  the  gear- plate  and  close  to  its  pivot  Z,  two  studs  BD 
are  let  in  at  its  back,  which  take  up  the  four  motion-rods  in  pairs.  The  rods 
£i  J?i  lead  direct  to  the  exhaust- valves,  and  are  each  placed  next  to  the  gear-plate. 

The  rod  E  —  confining  ourselves  to  one  set  of  valves  as  shewn  in  fig.  35 
—  though  working  in  and  out  of  gear,   is   not   connected  as    before  with  the 
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*)  Vide  Prof.  Radinger's   work:  ' Dampfmaschinen  and  Transmissionen  in  den  Vereinigten  Staaten'   which 
haa  been  kindly  placed  at  our  disposal  by  its  author. 
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inlet- valve,  but  it  acts  on  an  intermediate  link- combination  arranged  in  the  following  manner;  A  Ijre- 
formed  bracket  TT^  cast  in  one  piece  with  the  valve-box  cover,  carries  the  valve-spindle  as  well  as 
a  triangular  frame,  to  the  lower  end  of  which,  is  an  air-cylinder  Q.  The  latter  is  fitted  with  an  air- 
tight differential  piston  Q^j  the  lower  portion  of  which  is  much  smaller  in  diameter.  With  the 
rise  of  the  piston  a  vacuum  is  formed  underneath  it,  whilst  air  enters  into  the  intervening  space 
(caused  by  the  upper  part  of  the  piston)  through  the  openings  qq. 

In  this  manner,  the  upper  part 
of  the  piston  acts  as  an  air- buffer  dur- 
ing its  descent,  whilst  the  pressure  of 
the  air  outside  the  cylinder,  aided  by 
the  vacuum  under  the  piston,  causes  the 
latter  to  descend  rapidly.  A  small  valve 
V  is  placed  at  the  bottom  of  this  cy- 
linder for  the  escape  of  any  air  that 
may  be  taken  in  through  faulty  or  de- 
ficient packing  during  the  rise  of  the 
piston.  To  prevent  any  knocking  of  the 
piston  against  its  cast  bottoms,  a  leather- 
plate  is  laid  on  the  top-bottom,  against 
which  the  piston  may  strike,  if  not  pre- 
viously air  cushioned. 

A  small  link  e  connects  the  pis- 
ton Q  with  the  valve -lever  L  in  such 
a  manner,  that  the  ascent  or  rise  of  the 
piston  opens,  whilst  its  descent  closes 
the  valve.  The  pin  r  is  also  made  to 
hold  a  flat  rod  /S,  which  is  furnished 
with  a  steel  catch  o  at  about  two  thirds 
of  its  length;  a  bolt  n  fitted  on  the 
bent-lever  KK^  is  arranged  to  corre- 
spond with  this  catch.  A  light  spring 
presses  the  rod  S  against  the  lever,  and 
holds  the  catch  o  against  the  bolt  n. 

From  the  arrangement  of  this 
mechanism,  it  follows  that  the  oscillat- 
ing movement  of  the  gear-plate  A  is 
transmitted  by  the  link  E  to  the  lever 
KK^  whence  a  vertical  alternate  motion 
is  transferred  to  the  rod  S  the  connection  of  which  with  the  link  e  conveys  a  rocking  motion  to 
the  valve-lever  L. 

From  this  description  it  would  appear  that  the  regular  working  of  the  valve  is  obtained  in 
a  very  round-about  way,  and  we  have  now  to  explain  the  disengagement  mechanism  applied  thereto. 

As  complicated  as  the  valve -working -mechanism  appears,  as  simple  is  the  disengagement- 
arrangement.  The  wrought-iron  rod  N  leading  to  the  governor,  is  connected  with  a  small  bent-lever 
JSJI/,  the  smaller  arm  of  which  is  provided  with  a  steel  friction-roller  against  which  the  wedge  shaped 
end  of  the  rod  S  slides.  On  referring  to  the  figure  it  will  be  seen,  the  catch  o  moves  at  the  be- 
ginning in  an  arc  from  right  to  left;  it  may  therefore  be  easily  pressed  away  from  the  bolt  n  in  case 
its  travel  should  be  impeded.     This  resistance  is  offered  by  the  friction-roller  JB.    According  to  the 
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position  of  the  governor-balls,   this  roller  R  is  moved  more  or  less  to  the  left,  and  the  steel  roffl 
ai^^conlingly  comes  sootier  or   later   in   contact    with   it,    so   causing   disengagement   to   ensue.     The 
air-butler  now  comes  into  action;  the  atmospheric  pressui'e,  forces  the  piston  Q  to  descend  quickly, 
the  lever  L  is  turned  accordingly,  and  the  valve  is  shut. 

We  see  therefore,  that  wc  thus  again  obtain  an  almost  instantaneous  detachment,  which  is] 
certainly  more  complete  and  of  better  design*' 

On  Prof,  Ratlinger*8  authority  this  valve-gear  has  already  been  applied  to  about  one  hundred 
engines,  —  amongst  which  is  one  of  300  horse-power  driving  a  spinning  mill  —  and  it  is  said 
to  work  so  well  that  it  may  be  considered  as  the  most  perfect  of  its  kind. 

In  Corliss's  latest  engine-designs,  the  air-cyliiider  is  no  longer  attached  to  the  steam*! 
cylinder,  but  is  placed  on  the  engine  bed  similar  to  the  dash-pot  already  mentioned^  the  rodaj 
S  aud  €  are  (hereby  considerably  lengthened,  so  giving  freer  motion  to  the  mechanism. 

The  main  advantage  of  this  arrangement  —  according  to  Prof*  Uadinger's  report  —  lies  in1 
relieving  the  valvo-rod  completely  from  all  external  forces.    For  whereas  in  the  preceding  arrange- 
ments the  valve-rod  carried  a  bent-lever,  each  arm  of  which  was  subjected  to  a  pulling  force  which 
became    transferred    to    the   valve-rod,   in   the    present    arrangement    th«i    valve-rod    end   is  merely 
subjected   to    the    simple   pnll   or   force  required   to    overcome    friction.     The    whole  force  or  pull 
exerted  by  the  shutting  action  of  the  vacuum -piston  is  borne  direct  by  the  catch  o.     This  formedj 
(*orliss's  chief-motive  in  the  radical   change    he   here    introduced,    though   he  found   nothing  more| 
to   improve  upon. 

We  have  supplemented  our  annexed  wood-cuts,  by  illustrating  on  Plate  IV  a  Corliss-engine 
httcd  with  this  valve -gear  according  to  the  latest  best  approved  design,  though  after  the  preceding 
description,  it  will  not  be  necessary  for  us  to  enter  into  further  explanations* 

The  seventh  Corliss  valve-gear. 

Except iun  may  perhaps  be  taken  at  treating  separately  what  we  propose  to  name  the  seve^ 
Corliss  vulve-gear,  for  reason  that  it  forms  merely  a  modilication  of  the  preceding  valve-gear.    On  the . 
uther  hand   the    variation   and   the   arrangement  of  the   various   details  of  construction  betray  sucli 
additional  originality    as    comj^ared  with   the   preceding  systems,    that  we   may  well   discuss    it    se-« 
parately,   and  treat  it,   as  representing  the  seventh  Corliss  valve-gear.    By  way  of  exemplifying  thia^ 
couHtruction,   we  shall  refer  to  the  heavy   pair  of  Beam-engines,  which  at  the   late  Centennial  Ex- 
hibition  attracted  the  admiration  of  the  engineering  public,  ajs  forming  one  of  the  grandest  engineer«fl 
ing  works    of  the   w^orld.     This    credit   was   well   deserved.     For  even   if  Corliss   had   not  rendered 
his  name  immortal  to  tlie  engineering  pruiession  by  his  preceding  engine-constructions,  the  present 
machine  would  have  borne  ample  testimony  to  his  high  talent. 

Thougli  we  could  only  obtain  rough  sketches  of  this  engine,  we  have  attempted  to  give  ai 
exact  drawing  of  the  whole  machine  on  Plate  1  which  we  supplement  by  the  annexed  wood-cutff 
fig,  38  and  39.  These  Beum*eugines  were  used  for  driving  the  shafting  of  the  Exhibition  nmchinery-| 
department;  they  were  delivered  to  the  order  of  the  Exhibition-Commission,  by  which  it  wa« 
dtought  to  establish  the  finest  conceivable  'memonto'  to  American  inventive  talent  The  imposing 
eflfect  of  this  large  Corliss-engine  was  applauded  by  all  the  Exhibition  visitors;  both  its  orna- 
mental deatgn  and  the  unusual  yet  duly  proportioned  engine  parts,  as  well  aa  the  excellent  work- 
man, ship  and  the  regular  and  silent  working  of  this  machine,  left  a  most  favorable  impression  on 
those  parties  who  were  best  able  to  judge  of  its  comparative  merits.  On  the  other  hand,  Corliss  m\ 
said  to  have  constructed  several  largo  engines  of  a  similar  pattern,  so  that  the  machine  exhibitedj 
was  an  example  of  a  tried  e^omrtruetiou,  and  not  as  many  believed,  a  mere  lucky  chance. 

Proceeding  to  its  deecription^  we  find  two  single  cylinder  Beam-engines  coupled  in  the  usual 
way,  with  Uie  two  cranks  set  at  right  angles  to  each  other.    Each  cylinder-bore  is  3'  4^;^"  (=  UU*j  mm.) 
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a  corresponiliiig  siroko  of  10  foet  (3050  mm.'i;  tlio  length  of  the  l>eam  is  27'  1%*'  (823^'»  mm/), 
and  its  depth  ut  eeriti-e  is  8'  10%''  (2700  mm.).  The  beam-oeutre  is  about  29'  S'%*'  {9(k;mj  mm.) 
off  the  floor-line  and  tht?  two  machine -centres  are  aet  about  12'  6"  (3800  mm.)  apart  The  length 
of  the  connecting  rod  is  nearly  five  times  the  crrank-length  or  24'  (=  7308  mm.).  The  centres  of  the 
A -formed  uprights  are  in  line  with  the  cylinder  aint  crank-sliaft  centres,  so  as  to  reduce  the  ten- 
dency of  transverse  strains.  On  the  cylinder- 
side,  the  base  of  the  upright  is  made  some- 
what shorter  than  it  is  on  the  crank-aide, 
60  as  to  enable  it  to  he  bolted  to  the  cy- 
linder  feet,  with  which  the  upright  is  fastened 
to  tlie  engine-bed.  The  foot  of  the  opposite 
upright  is  bolted  direct  to  the  foundation- 
plate  or  to  be  more  exact  it  is  b(dted  as 
shewn  in  fig.  H  (Plate  1). 

A  similar  bedding  arrangement  is 
repeated  on  the  cylinder -side,  and  as  these 
foundation  supports  are  connected  together 
by  I-beams,  the  latter  complete  a  triangle 
with  the  uprights.  In  order  to  protect  the 
latter  from  side-ntrains  or  displacemejit,  long 
vertical  tie -rods  are  introduced  and  n>ade 
to  ]>ass  down  tlirough  the  stone  fonndaiion; 
they  simultaneously  serve  the  double  pur- 
pose of  forming  neat  cast  iron  staircasing. 
Lastly,  the  wdiole  engine-framing  is  rigidly 
kept  together,  by  an  upper  platform  carried 
on  supports  from  the  main  uprights.  8imple 
afi  the  whole  arrangement  appears,  the  idea 
of  masking  the  tie- rods,  by  making  ihem 
appear  as  suited  to  qnite  a  different  pur- 
pose than  they  Were  originally  designed,  is 
a  capital  one.  Corliss  is  said  to  have  ap- 
plied this  original  idea  to  a  number  of  en- 
gines. The  beam-centre  rests  on  adjustable 
journals,  and  the  huge  plumber-blocks  be- 
longing to  them  are  litted  to  and  surmount 
the  main  upriglits.  The  beams  are  of  the 
butterfly-wing  pattern;  they  are  well  ap- 
pirtifjned  to  the  engine-type,  and  their  form 
lias  a  pleasing  effect  on  the  spectator  below. 
Tfie  weight  of  each  beam  is  stated  at  10% 
tons  (UOOO  Kilogr.). 

The  toothed  fly-wheel  is  29'  Uy,\;"  (9052  mm.)  in  diameter,  and  2'  (GOl*  mm.)  on  its  face; 
the  number  of  teeth  is  21*)  set  out  to  a  pitch  of  6V4"  (l^)lt<»  mm.).  The  wlieel  is  fitted  up  in 
segments,  the  boss  forming  two  symmetrical  halves  to  which  twelve  spoke-segments  of  each  18  teeth 
are  liolted.  The  ^'heel-arms  (vide  fig,  8^  Plate  1)  are  of  cross-section,  and  are  bent  at  their  boss 
ends  to  ensure  greater  rigidity,  than  is  otherwise  usually  obtained. 

The  Hy-wheel  gears    into    a  pinion  of  72  teeth,  ami  of  9'  HVst"  (r^  3017  mm.)  diameter. 
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Both  are  fitted  with  iron  teeth,  and  their  working  proved  that  iron  to  iron  teeth  could  be  worked 
silently  and  without  shock  if  care  is  taken  to  provide  proper  bearing-surface  for  the  shafts,  and  to 
make  the  teeth  of  correct  form  and  what  is  also  important  to  secure  good  workmanship  in  fitting 
up.    The  crank-shaft  diameter  is  V  &'  (450  mm.)  running  at  36  revolutions  per  min. 


Fig.  89. 

An  air-pump  is  attached  to  each  beam,  which  is  constructed  in  the  now  long  approved 
Corliss -style;  its  diameter  is  2'  9"  (863  mm.)  with  a  stroke  corresponding  to  2'  (609  mm.).  Our 
Plate  IV  fig.  4 — 6  give  us  a  sketch  of  one  of  these  air-pumps.  Corliss  adheres  to  the  air-pump 
being  placed  vertical.  The  air-pump  as  a  rule,  is  driven  from  the  cross-head  by  means  of  a  crank- 
lever,  the  one  arm  of  which  —  namely  that  connected  with  the  cross-head  —  is  made  four  times 
longer  than  the  other  driving  the  pump.  The  cast-iron  air-cylinder  is  brass-lined,  whilst  sycamore  is 
used  in  the  manner  shewn  in  our  Plate  IV  for  the  packing  of  the  piston  and  of  the  stuffing-box. 
The  piston,  as  well  as  the  valve-plate  and  the  hollow  piston-rod,  are  made  of  brass. 
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The  forementioned  valve-seat  plate  is  fastened  by  screws,  let  in  from  the  top.     The  piston 
and  this  plate  are  each  furnished   with  six  caoutchouc  valves,  arranged   as  shewn  in  our  drawings. 

We  may  now  proceed  to  a  description  of  the  steam-cylinder  and  of  the  valve-gear,  for  which 
purpose,  reference  may  conveniently  be  made  to  our  fig.  38  and  39. 

The   cylinder-bore   is,   as  previously  mentioned   3'  4"   (==   1016  mm.)    and   its   stroke,    10' 
(3050  mm.).     The  latter,   though   rather   long   in  proportion  to  the  cylinder-diameter,  contributes 
largely  to  the  power  and  the  silent 
steady  working  of  the  engine.  The 
cylinder  is  furnished  with  a  double 
jacket. 

A  section  of  the  cylinder 
and  of  the  steam-passages  is  drawn 
in  our  fig.  38,  which  sectional 
arrangement  may  also  be  com- 
pared with  fig.  5,  on  Plate  5.  The 
Corliss  valves  are  placed  in  the 
hollow  cylinder-covers,  with  a  view 
of  getting  them  as  close  as  pos- 
sible to  the  cylinder.  They  are  cast 
separately  in  one  hollow  piece  and 
are  4'  3"  (1300  mm.)  long  and  12'' 
(305  mm.)  in  diameter.  Characteri- 
stic is  the  peculiar  fastening  of  the 

valves  to  their  spindles,  as  shewn  in  fig.  7  Plate  1;  by  this  arran- 
gement, the  straining  of  the  valve  is  obviated,  whilst  better  packing 
is  ensured.  Attention  may  further  be  drawn  to  the  steam-passages 
placed  at  the  side  of  the  cylinder  in  column- form;  they  are  provided 
with  ornamental  cornice  tops,  which  allow  for  contraction  or  ex- 
pansion of  the  metal. 

The  external  valve-gear  is  shewn  in  our  fig.  39.  An  eccentric, 
set  with  a  throw  of  8"  (203  mm.)  on  the  crank- shaft,  imparts  motion 
by  the  intermediate  link  B  to  the  crank  I?, ,  and  thence  from  the  bent 
lever  ^^  on  to  the  upper  and  lower  valve-gears,  through  the  two 
connecting  rods  EE^,  as  shewn.  As  both  motions  are  equal  and  the 
upper  and  lower  valve -gears  are  similarly  arranged,  we  may  confine 
our  remarks  to  the  bottom  valve-gear. 

The  upper  arm  of  the  bent  lever  DD  works  the  spindle  lever 
Li  of  the  exhaust- valve,  by  the  connecting  link  Ei.  On  the  other 
hand,  the  rod  Ej  working  the  inlet  valve  is  connected  in  the  first  in- 
stance with  a  peculiarly  formed  lever  K  turning  on  a  centre  k.  Similar 
to  the  sixth  Corliss-gear,  this  lever  is  furnished  with  a  bolt  w,  work- 
ing under  the  catch  o  of  the  steel-rod  5,  whence  it  follows,  that  when 
the  lever  rises,  it  will  have  a  tendency  of  lifting  the  rod  S.  As  the 
latter  is  however  connected  with  the  valve-lever  L,  the  valve  is  opened 
by  the  upward  stroke  of  this  rod  S.  The  same  lever  L  also  carries  a  small  rod  e  to  which  is  at- 
tached the  piston  of  an  air-cylinder  Q,  exactly  constructed  as  explained  on  page  21,  and  illustrated 
in  fig.  35.  As  soon  as  the  bolt  R  (connected  as  shewn  by  the  link -mechanism  with  the  governor) 
begins  to  play  on  the  inclined  surface  of  the  steel  rod  5,   the  latter  becomes  disengaged  from  the 
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lever  JST,  and  as  a  consequence  the  valve  is  closed  by  the  action  of  the  air-piston.  The  working  of 
this  method  of  disengagement  will  be  better  understood  on  referring  to  fig.  40,  and  we  need  only 
add  that  the  disengagement  is  as  certain  as  it  is  exact. 

In  bringing  our  remarks  on  this  Engine  to  a  close  ^  we  may  add  that  it  was  estimated  at 
2500  horse-power,  working  at  36  revolutions  per  minute,  although  with  an  effective  steam-pressure 
of  30  lbs.  (=  2  atm.),  the  indicated  horse-power  calculated  itself  to  only  1586  horse-power.  The 
total  weight  of  these  Beam-engines  exceeded  600  tons. 

We  have  now  described  all  the  known  Corliss  valve-gears.  It  is  true,  we  have  not  always 
had  Mr.  Corliss'  original  views  at  our  command,  which  we  regret  the  more,  since  his  uncommon 
power  of  invention  has  often  been  mis-represented.  In  particular,  it  is  the  desire  to  create  some- 
thing new,  which  so  often  causes  us  to  ignore  and  forget  the  advantages  of  matured  inventions, 
and  so  induces  us  to  supplant  the  latter,  without  in  any  way  presenting  anything  better. 

In  our  opinion,  the  latest  Corliss  valve-gears  deserve  the  greatest  attention,  and  our  machi- 
nists will  therefore  do  well  to  submit  these  to  a  careful  and  minute  study.  All  the  reports  that 
we  have  seen,  tend  to  prove,  that  the  latest  modifications  of  the  Corliss  valve-gear,  are  results  of 
a  mature  experience,  without  the  least  chance- work  about  them.  Corliss,  figuratively  speaking  is 
*  conservative'  and  with  fall  right.  For  though  the  majority  of  American  ei^ine-shops  still  show 
preference  for  the  flat  slide-valve,  Corliss  has  retained  his  ^Circular-slides',  not  because  the  flat  slide- 
valve  was  inferior  to  the  Corliss-valves  —  for  certainly  good  work  of  whatever  kind,  deserves  credit 
and  attention  —  but  merely  for  reason  that  his  circular  slides  have  been  found  to  answer  well,  so 
rendering  it  unnecessary  to  substitute  another  arrangement  in  their  place. 

Granting  that  the  future  will  bring  us  a  new  engine-type,  both  excelling  and  supplanting 
the  Corliss-engine,  the  latter  even  when  removed  from  the  engineering  world,  will  still  retain  its 
value  as  having  largely  contributed  to  such  an  improvement.  Certain  it  is,  that  Corliss^  merit  of 
having  planned  a  new  rational  course  of  engine-building,  will  thereby  suffer  no  detraction.  At  the 
present  time  the  Corliss  engine-type  enjoys  a  good  and  undisturbed  reputation,  so  that  Corliss  well 
deserves  to  have  his  name  carried  down  to  posterity,  as  one  of  the  main  pioneers  and  greatest  im- 
provers of  the  Steam-engine.  May  his  engineering  activity  and  energetic  talent  become  a  stimulat- 
ing example  for,  and  be  also  emulated  by  our  young  rising  engineers!  With  this  wish,  we  take 
leave  of  the  engines  designed  by 

Geo.  H.  Corliss,  of  Providence. 


2.    Corliss-engines,  as  constructed  by  different  Engineering  firms. 

a.    Working  with  the  III.  Corliss  valve-gear. 
The  ^WilhelniBhtLtte'  Maohine-workB  near  Sprottan. 

It  is  always  a  bold  step  on  the  part  of  an  engineering  firm  to  attempt  the  introduction  of 
a  machine  shewing  such  great  dissimilarity  with  existing  patterns,  so  as  to  demand  new  experimental 
data,  for  testing  and  determining  the  comparative  merits  of  the  new  construction.  The  ^Wilhehns- 
hiitte'  machine-works  near  Sprottau,  found  itself  in  this  position,  when  in  1860  it  began  to  build 
Corliss-engines^  exhibiting  these  at  the  London  International  Exhibition  of  1862. 

The  *Wilhelmshtitte'  has  very  nearly  adopted  the  third  Corliss  valve-gear  for  its  engines. 
The  reader  will  find  illustrated  on  Plate  I  fig.  1—3  an  elevation  and  section  of  one  of  these  en- 
gines shewn  from  the  gearing  side.     The  working  of  the  valves  is  almost  identical  with  the  valve- 
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gear  already  described  on  page  3  and  illustrated  by   our  fig,  3 — 10,  ao  that   we   may   confine  our 
present  remarks  to  a  discusijiou  of  its  characteristic  features. 

These  engines  differ  mainly  from  the  preceding  and  subsequent  types  by  the  application 
of  a  bed  in  place  of  the  former  flat*  foundation  plate,  and  the  engine -trunk  subsequently  intro- 
duced by  Corliss  in  his  fourth  valve -gear.  This  foundation  -  plate  is  bedded  on  two  atone -blocks, 
and  is  bolted  with  the  latter  to  the  masonry  work;  it  is  of  the  box-pattern,  and  la  made  to  carry 
the  crank-shaft  at  one  end,  whilst  it^s  other  extremity  supports  the  cylinder  on  the  one  aide  and  the 
gearing-tackle  on  the  other. 

The  cylinder  is  bored  to  1'  5%*'  (442  mm.)  with  a  2'  l(r  (858  mm.)  stroke.  The  steam- 
inlet-paasagea  are  13"  (338  mm.)  long  and  7^"  (23  mm,)  wide,  whereas  the  outlet  passages  though 
of  equal  length  are  l*y  (40  mm.)  wide;  the  diameter  of  the  valves  is  5''  (130  mm,). 

The  slide-bars  are  bolted  to  the  side  of  the  bed-plate  in  front  of  the  cylinder;  the  slide- 
l^lock  is  made  to  slide  in  V -formed  grooves. 

The  Condenser  is  placed  midway  under  the  cylinder,  whilst  the  air-  and  the  cold  water- 
and  feed-pumps  are  brought  forward  and  placed  a  little  beyond  the  centre  of  the  machine;  the 
pumps  are  driven  from  a  separate  oscillating  beam,  receiving  its  motion  by  means  of  a  connect- 
ing rod  from  the  crank- pin.  The  centre  of  this  beam^  is  attached  to  the  cover  of  the  air- vessel 
belonging  to  the  cold  water-pump.  The  feed-pump  is  placed  9%'^  (250  mm.)  behind  the  cold- 
water  pump. 

The  diameter  of  the  air-pump  is  1*  (312  mm.)  and   its  stroke  1'  3V4"   (390  mm,).     In  our 
lieet  of  illustrations,  the  water  is  taken  from  the  condenser  by  the  pipe  n,  and  is  pumped  out  by  the 
ipe  fc;  c  is  the  cold-water  inlet-pipe,  whilst  d  is  the  steam  blow-off  pipe,  for  use  when  the  engines 
are  not  working  on  the  condensing  principle. 

An  eccentric  with  7%**  (190  mm.)  throw,  works  the  gear-disc  direct,  by  means  of  motion- 
rods,  giving  it  an  oscillating  angle  of  78  degrees. 

The  Watts  governor  is  driven  from  the  top  of  the  spindle  by  a  strap,  4',V'  (If^'t  mm.)  wide 
on  the  face.  Due  care  is  paid  to  the  proper  lubrication  of  the  governor,  so  as  to  ensure  uniform 
motion.  The  governor-spindle  is  driven  at  85  revolutions  per  minute.  Special  care  is  also  taken  to 
provide  the  external  valve- gear  with  ample  bearing  surface,  where  required. 

In  the  machine  before  us^  anti-friction  rollers  are  used  for  the  disengagement,  though  in  later 
constructions  these  have  been  discarded,  on  account  of  their  uneven  wear,  which  was  found  to  prevent 
them  from  turning.    The  disengagement  bolt  is  fitted  with  an  adjustable  set-screw  to  limit  its  stroke. 

The  fly-wheel  is  arranged  for  belt-driving,  and  is  14%'  (4390  mm.)  in  diameter.  Working 
at  30  revolutions  per  minute,  these  engines  are  said  to  throw  off*  25  horse-power. 
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The  United  Hamburg*Magdebiirg  Steam-navigation  Company  of  Bnckau,  near  Magdeburg. 

This  Company  started  the  manufacture  of  Corliss-engines  about  the  same  time  as  the  Wilhelms- 
titte,  and  in  this  speciality  it  has  hitherto  met  with  much  success.  At  the  London  International 
Exliibition  of  1862,  the  Company  exhibited  one  of  their  Corliss-engines,  and  contributed  in  no  small 
measure  to  the  appreciation  of  the  German  mechanical  industry, 

The  Corliss- engines  as  subsequently  built  by  this  firm,  shew  little  difference  from  those  of 
the  WOhelmshOtte,  and  we  have  therefore  confined  ourselves  to  illustrating  a  side  elevation  of  these 
engines  (vide  tig.  4,  Plato  Ii.  The  main  difference  indeed,  is  the  Porter-governor  and  the  arrangement 
of  the  pumps  and  of  the  condenser.  The  latter  is  of  a  pear-form  and  is  placed  immediately  under  the 
steam-cylinder;  the  pumps  are  mounted  together  on  one  base-plate  and  are  placed  somewhat  lower, 
llie  pump  next  to  the  Condenser  is  the  air-pump,  the  cold-water  pump  being  placed  in  front  of  the 
other;  the  two  pumps  are  connected  by  one  piston,  which  is  worked  from  an  oscillating  lever  at- 
tached to  the  crank-pin,  by  a  connecting  rod. 

4* 
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Otto  H.  Miiller^^O.  B.  of  BtLda-Pesth. 

It  may  perhaps  cause  surprise,  that  we  illustrate  a  Corliss -engine  in  our  Plates  2  and  3, 
which  though  only  recently  constructed,  should  be  working  after  the  somewhat  antiquated  third 
Corliss  valve-gear.     Alone,   a  mere  glance  at  our  illustrative  sheets  will  show,  that  the  engine  in 

reality  represents  an  entirely  modem  construction,  which  accord- 
ing to  all  accounts  appears  to  be  working  very  favorably  as  the 
annexed  indicator  diagrams  fully  confirm. 

The  general  arrangement  of  the  machine  is  shewn  in  our 

Plate  2,  fig.   1  and  2 
T 


Fig.  41. 
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Fig.  42. 


Fig.  43. 


Fig.  44. 


Originally  built  as  a 
Woolf  s  engine,  it  was 
afterwards  converted 
into  a  Compound  en- 
gine, and  the  small 
cylinder  was  fitted  up 
with  Corliss  valve- 
\  g  gear.  As  a  Woolf  s 
engine,  it  worked  up 
to  303  indicated  horse- 
powers, the  diameters 
of  ihe  large  and  the 
small  cylinders  being 

respectively  4'  8"  and  2'  6V4"  with  a  corresponding  stroke  of  5'  6".  The  engine  speed  was  3IV3 
revolutions  per  minute  and  with  a  boiler  pressure  of  65  lbs.  (4 . 2  atm.)  the  engine  gave  off  the  in- 
dicator diagrams  shewn  in  fig.  41  and  42. 

The  stipulations  set  forth  in  the  reconstruction  of  this  engine,  were  that  with  a  boiler- 
pressure  of  75  lbs.  (=  5  atm.)  and  a  cut-off  at  7^0  *^®  stroke  in  the  small  cylinder,  the  engines 
should  indicate  500  IP.  These  demands  were  amply  fulfilled  in  the  newly  constructed  engine;  for 
after  replacing  the  small  cylinder  with  a  new  one  of  2'  4"  (710  mm.)  bore,  and  fitting  up  the  same 
with  Corliss  valve-gear,  the  large  cylinder  was  furnished  with  expansion  cut-off,  as  well  as  with  a 
receiver  and  the  necessary  pipe-fittings  etc.  after  which  the  indicator  diagrams  shewn  in  fig.  43  and 
44  were  obtained  from  these  engines.  The  small  cylinder  with  a  mean  pressure  of  little  more  than 
2872  ^bs-  indicated  178.8,  whereas  the  low-pressure  cylinder  working  at  a  mean  pressure  of  Oy,  lbs. 
indicated  249.4  horse-powers.  The  engine  was  worked  at  the  same  speed  of  31%  revolutions  per 
minute,  thus  resulting  in  a  piston-speed  of  5'  9"  (1,77  m.)  per  sec. 

For  comparing  the  circular-travel  of  the  inlet  and  exhaust  valves,  with  the  indicator-curves, 
we  reproduce  in  fig.  45  and  46,   the  valve-travels  in  similar  diagrams,    to  those  already  explained. 
For  the  sake  of  facilitating  comparisons,  our  fig.  41—44,  are  all  drawn  to  one  scale.     The 
annexed  table  explains  best,  the  advantages  gained  in  the  new  reconstruction. 


Boiler-pressure 

Mean  pressure  in  small  cylinder  .    .     .     . 
»         »>  n   large        „         .    .    .    . 

Indicated  horse-powers  by  small  cylinder 
i>  »»  }i    large       „ 

Total  indicated  horse-power 

Number  of  expansions 


Old  engines. 

1               New  engines. 

WoolTs  system. 

1           Compound  system 

63        0. 

63       ®. 

26.1      „ 

1                 28.6    „ 

4.44    „ 

1                   9.6    ., 

189.6      „ 

178.8    „ 

113.5      „ 

249.4    „ 

808        „ 

428.6  „ 

6.3     „ 

10      „ 
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The  steam  is  generated  in  six 
surface.  The  steam-supply  pipe  (1)  is 
(275  mm.). 

The  valve  gear  of  the 
high -pressure  Cylinder  is  worked 
by  the  IIL  Corliss  valve-gear  arran- 
gement, excepting  that  the  bright 
turned  dash-pots,  instead  of  being 
placed  below,  are  fitted  at  the  side 
of  the  cylinder.  The  three  main 
positions  of  the  valve-gear  mecha- 
nism are  shown  in  fig.  4  Plate  3. 
The  valves  are  here  drawn  in  their 
mean  or  central  position,  which  al- 
most corresponds  to  the  position  of 
the  engine  crank  shown  in  fig.  1, 
Plate  2;  the  valve-levers  are  at  a, 
b,  Cf  df  and  the  eccentric  at  /', 
whilst  the  crank  is  only  about  16° 
off  the  dead-centre,  so  leaving  the 
forward  stroke  of  the  piston  still 
incompleted. 

In  the  position  of  our  fig. 
4  (Plate  3),  the  right  hand  exhaust- 
valve  is  just  about  closing,  whilst 
the  other  exhaust -valve  is  about 
opening.  The  extreme  left  position 
of  the  inlet  valves  is  represented 
at  a^bij  the  corresponding  extreme 
right  position  of  the  exhaust-valves 
being  shewn  hy  c^di]  similarly  the 
contrary  or  opposite  positions  of  these 
valves  are  denoted  by  a^b^c^d^. 

The  throw  of  the  gear-disc 
amounts  to  974"  (238  mm.),  and 
corresponds  to  a  lead-angle  of  about 
9  deg. 

The  lineal  lead  of  the  inlet- 
valve  is  only  V32"  (1  mm.),  though 
the  exhaust-valve  is  about  V,  open 
when  the  crank  is  on  its  dead-centre. 
The  limit  of  the  *  cut -off  not 
controlled  by  the  governor,  lies 
between  0.0  and  0.9  stroke.  Whilst 
discussing  the  third  Corliss-valve- 
gear,  the  limit  of  automatic  cut- 
off actuated  by  the  governor  was 
put  down  at   %   of  the  stroke;   in 


Lancashire-boilers  each  of  7857^  sq.  ft.  (73  sq.  m.)  heating 
6"  (154  mm.)  in  diameter,  and  the  exhaust-pipe  (16)  10%" 
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the  euginej;  now  before  u»,  a  corresponding  maximum  cut-off,  slightly  in  excess  of  half  the  stroke 
can  be  obtained,  owing  to  the  falling-pexiods  of  the  weights  being  very  accurately  regulated.  In 
this  Miiller  engine-type,  special  care  haa  been  taken  to  ettect  a  slow  closing  of  the  inlet-valves,  — 
1.  e.  a  rounding -off  of  the  indicator-curves,  as  quick  shut-offs,  involve  noise  and  excessive  wear  and 
tear;  by  this  slow-closing,  a  silent-working  of  the  engines  is  obtained,  with  very  slight  wear  and  tear. 

The  ratio  of  the  width  to  the  length  of  the  inlet-passages  ia  V14*  ^^^  Vn  for  the  exhaust- 
passage*  Comparing  the  cylinder  cross  area  to  those  of  these  passages,  we  should  get  Vi^  for  the 
inlet-,  and  Vu^  for  the  outlet-passage, 

The  eccentric  has  a  throw  of  5^/^"  (140  mm.)  corresponding  to  a  lead-angle  of  16°. 

Porter's  governor  is  here  used  on  account  of  its  great  simplicity  and  sensitiveness. 

The  construction  of  the  dash-pots  may  be  seen  from  our  drawing.  As  the  lowest  fall  of  the 
weight  or  piston  still  leaves  a  clearance  of  %''  (9  mm.)  of  compressed  air,  the  slide  valve  must  there- 
fiire  be  so  arranged,  that  the  piston  may  shut  it  off,  immediately  compression  is  to  take  place.  The 
lift  of  the  bottom-valve  is  adjustable,  and  in  this  manner  a  silent  and  rapid  fall  of  the  piston  is  secured. 

The  high-pressure  cylinder-exhaust^pipo  (16)  with  which  the  branch-pipe  (15)  comnmnicates, 
leads  to  a  receiver  and  interheater  (10)  fitted  with  a  manometer  (20)*  In  this  receiver,  the  exhaust 
steam  of  the  small  cylinder  is  superheated  by  boiler  steam  from  branch  steam-pipe  (2);  the  heating 
surface  of  this  receiver  is  247  sq.  ft  (22^97  sq.  m,).  The  condensed  water  is  let-off  by  a  water 
discharge-pipe  (9).  The  low-pressure  cylinder  steam-supply  pipe  (17)  is  fitted  with  a  small  steam 
discharge-pipe  (14)  for  tlue  purpose  of  coimectiug  the  receiver  with  the  exhaust  of  the  large  cy- 
linder, and  the  latter  is  also  furnished  with  a  steam-trap  (12)  tor  automatic  drainage  and  with 
a  water  discharge-pipe  {2S), 

ITie  superheated  steam  enters  the  large  cylinder  through  the  expansion  valve-box  (18)  and 
the  main-slide  (27),  and  exhausts  from  the  steam-pipe  (25J  —  similarly  connected  with  a  small 
cylinder  ilrainage-pipe  (29)  —  into  the  condenser  (24). 

Both  cylinders  are  furnished  with  all  the  usual  fittings.  The  high-pressure  cylinder  steam 
supply -pipe  is  fitted  with  a  Wilson^s  lubricator,  and  a  manometer,  both  of  which  are  screwed  on 
to  this  pipe  immediately  over  the  throttle  valve  placed  at  the  top  of  the  small  cylinder. 

^rhe  steam-cylinders  are  entirely  steam-jacketed  through  the  branch-pipes  3  and  4,  and  the 
water- discharge- pipes  5  and  (k  Pipes  for  indicator  purposes  (30)  titted  with  three  way-cocks,  and 
air-valve  (13,1  dttached  to  the  steam  jacket  of  the  low  pressure  cylinder,  complete  the  cylinder-fittinga. 
The  water-discharge-pipes  (5,  6,  7,  8  and  d)  lead  to  a  receiver  (11)  whence  the  condensed  steam  or 
water  is  passed  off  through  pipe  10,    The  feed-pumps  are  shewn  at  (26). 

The  cylinders  and  all  the  steam-pipes  are  covered  with  Speucer-Boiler-Com position. 

The  cylinders  are  bolted  direct  to  the  foundation,  and  the  ordinary  to[>  sliilt-  bars  an^  dis- 
pensed with,  tlie  piston- block  merely  sliding  in  bottom  guides. 

The  connecting  rods  which  are  about  live  times  the  length  of  the  crank  are  fur^n  d  \9itb 
closed  ends.     The  air  and  feed-pumps  are  driven  from  the  low  pressure  cylinder  crank. 

The  main- slide  of  the  large  cylinder  is  worked  from  the  eccentric  rod  (23)^  whilst  the  «x- 
pansion*^lide  (18)  is  geared  by  link-work  from  an  eccentric  (22),  titted  on  the  Corliss  gear-side« 
The  expansion  eccentric-stroke  may  be  regulated  by  an  adjustable  link-piece. 

The  transmission  of  the  engine-power  is  effected  by  a  toothed  fly-wheel  mounted  midway 
between  the  two  cranks.  This  wheel  weighs  24'/;  tons  (25,000  Ko.)  and  ie  23'  (70C0  mm.)  in 
diameter  and   10"  (2(50  mm.)  wide  on  the  face;  the  teeth  are  set  to  3"  (75  mm.)  pitch,*) 

*)  We  may  adil  that  tlie«e  ongiiie»  were  fir«t  erected  in  l«t\9  at  the  Pe9ther  WaUmtlhle  of  Biida-IVith, 
dnviag  •coording'  to  'Engineering*  34  paim  of  stones  60  in,  in  iliameter,  102  paira  of  rolls,  S»4  in,  in  diameter  by 
4%  in.  ihnd  the  tutiail  dreading  niachin«'ry  suitable  for  a  tIaiJy  prodaction  of  69  torn  of  flour.  A  greater  pow#r  being 
ruqaired  by  the  ownem  of  the  Mill,  led  to  the  above^mentioiied  re-arrungemeut  of  these  engines. 
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b.    Working  Willi  tin*  IV.  Corliss  valvegear. 

William  A.  Hairia,  of  Providence,  U,  S, 

Although  unable  to  confirm  the  opinion  expressed  in  a  trade-circnlar  now  before  us,  asserting 
lat  Hhe  Harris-Corliss-engine  is  the  best  of  all  engines 'j  we  have  reason  to  devote  further  attention 
it.  Ill  describing  the  fourth  Corliss  valve -gear,  we  explained  the  constructive  principles  of  the 
pHarria-Corlisa  engines,  the  details  of  which  are  clearly  ilhistrated  by  Plate  4,  though  on  account  of 
not  being  able  to  procure  working -drawings  direct  from  the  Engineers,  the  inscribed  dimensions 
on  Plate  4  will  perhaps  be  found  to  differ  from  the  original  construction.  It  was  only  after  the 
completion  of  our  drawings  that  a  descriptive  ('ircular  of  the  Harris-Corliss  engine  reached  us,  which 
certainly  supplemented  the  data  we  had  obtained  from  other  sources.  According  to  thia  Circular, 
these  engines  are  constructed  from  13  horse-powers  upwards,  and  the  small  patterns  show  an  extra 
ordinarily  long  stroke  equalling  three  times  the  cylijider-diameters.  This  proportion  decreases  how 
ever  with  the  increased  size  of  the  engine,  as  may  be  seen  on  referring  to  the  annexed  table: 


Cylinder-diameter 
ID  inchea.  | 


Cylinder-stroke 
.•     in  inchea 


Revolutions 
per  miuote 


Saiall  powers. 


24 


70 


10 


30 


70 


Medium  ei^a. 


A 


Large  (heavy)  met. 


16 


60 
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The  piston-speed  increases  however,  very  irregularly  from  4%'  (1,4  m.)  to  8'  (2,5  m.).  Accunling 
to  tbe  reports,  with  which  we  are  favored,  the  Harris-Corliss  works  admirably  at  these  speeds,  and 
this  fact  probably  accounts  for  the  extended  use  which  these  engines  enjoy  in  America,  though  their 
working  principle  has  been  abandoned  by  Corliss. 

The  general  arrangement   of  the   Harris-Corliss  engines   varies   little  from   the   IV.  Corliss 

valve-gear.     We  meet  here  with  the  Corliss   trunk-frame  again,   which  though  not  cast  in  one  piece 

|with  the  crank-shaft  support,  is  nevertheless  bolted  to  it  and  to  the  cylinder.     The  cross-head  slide 

bis  V-formed,  with  a  view   no   doubt  of  either  evading  Corliss'  patent   rights,  or  of  laying  claim  to 

|aome  originality. 

Similar  to  the   original  Corliss-type,  the  ordinary  Watt's  governor  is   placed  in  tlie  middle 
^f  the  cross-head  slide.    The  governor  acts  on  a  bent  lever,  the  two  extremities  of  which  are  separately 
ABected  with  the  inlet-valves   by   two  rods  effecting  the  disengagement  of  the  trip-gear  when  ne- 
(cassary;  the  application  of  two  rods  is  owing  to  the  symmetrical  arrangement  of  the  valve-gear. 

In  order  to  prevent  too  great  a  throw  of  the  eccentric,  its  motion  is  transferred  to  the  gear- 
disc  by  an  intermediate  lever. 

Tlie    construction    of   the    valve- gear    has    already   been   fully  described  on  pages  13  ft.  seq, 
rhich  will  be  further  explained  by  our  tigs.  7  and  8  on  Plate  4. 

The  Inlet-  and  Exhaust*  slides  are  shewn  in  figs.  5  and  6.  Small  spiral  springs  are  used 
for  keeping  the  slides  tight  on  their  working  surface.  The  packing  of  these  valves  is  effected  by 
inserted  rings,  etc.;  to  drain  off  any  condensed  steam,  the  otherwise  closed  hollow  valve-spindle  bear- 
ings are  provided  with  water-outlets. 

The  internal  arrangement  of  the  valve-gear,  when  in  the  position  shewn  in  fig.  2,  is  re- 
presented in  our  fig.  4,  the  inscribed  reference  letters  being  the  same  as  those  used  on  page  29 
when  describing  tbe  MiMler-engine.     For  preventing  any  wrong  impression,  it  may  be  observed  that 
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Um;  TaUe  lev^  </f  the  left  iniet-TalTe,  u  f>hewn  as  rigidlT  eoniKeied   with  tke  motkn-iod,  where- 
as the  ralr^!;  itMelt  i»  dhtengm^ed  and  represented  in  its  extreme  left-podtioii. 

Ignoring  tbe  length  of  the  ejlinder,  and  the  other  diiffiMBnBs  depending  tiMreon,  our  illas- 
iration  on  Plate  4,  will  be  ibiind  to  show  Terr  few  diserepandes  —  if  anj,  with  die  original 
HarriiHCorliiHi  engine.  To  eorreet  oar  drawings  we  should  hare  to  show  the  inside  cjlinder-length 
4'  (I22f)  mm.;  in  plaee  of  the  3'  (950  mm.;  and  to  prolong  oar  sUde-ban  and  rods  accordingly, 
in  onler  to  obtain  a  81  horse-power  HarrisX*orliss-engine  of  16^  cylinder  djameier,  3'  6"  stroke, 
running  at  60  rerolations  per  minate,  and  working  at  75  lbs.  pressure. 

Bobert  Wetherfll  Sc  Co.  of  Chestsr.  U.  8. 

The  engineering  firm  of  Messrs.  Bobert  Wetherill  k  Co.  were  the  sole  exhibitors  of  the 
llsurrin^UjrliHu  engine  at  the  Centennial  Exhibition.  They  exhibited  a  Horizontal  Steam-engine  of 
the  type  represented  in  our  Plate  IL 

These  engines  do  not  greatly  differ  from  the  Harris  type  just  described.  In  our  fig.  21,  on 
page  14,  we  hare  represented  the  somewhat  altered  form  of  the  trip-gear  or  disengagement-fork,  and 
we  similarly  note,  that  the  bearings  of  the  Talve-spindles  are  constructed  in  a  different  manner,  to 
that  we  described  in  the  Harris-engine.  The  main  characteristic  is  howerer,  the  peculiar  construc- 
tion of  the  gOTemor. 

The  cylinder-diameter  and  the  stroke  of  the  engines  exhibited,  were  respectiTcly  12"  (305  (?)  mm.) 
and  2'  (610  muLj. 

In  the  engines  now  under  discussion  ^Watt's  govemor'  is  used  with  a  compensating  spring. 
The  filiding  <;ollar  is  retained  as  in  the  ordinary  construction,  and  this  remark  similarly  applies  to 
the  transmission  of  its  travel  on  to  the  inlet-yalTes,  through  the  three  armed  lever  plainly  shewn 
in  fig.  1  rPlate  II).  The  same  rod  working  this  lever,  has  two  loose  bevel- wheels  which  are  driven 
by  a  third  l>evel- wheel  as  shewn.  The  two  bevel -wheels,  thus  revolve  in  contrary  directions  to 
each  other,  and  between  them  a  clutch-box  is  keyed  fast  to  the  vertical  rod.  The  two  inside  sur- 
faces of  these  bevel- wheels  are  moreover  furnished  with  protruding  pegs,  which  correspond  to  a 
slotted  groove  in  the  clutch-box.  The  lower-end  of  this  vertical  rod  is  attached  to  the  regulating 
lever  by  means  of  a  screw-joint,  which  is  obtained  by  the  lower  end  of  this  rod  working  in  a  nut 
attached  to  the  vertical  lever  arm.  From  this  description  it  follows,  that  the  rising  or  falling  of 
the  rod,  will  aet  on  the  regulating  lever,  whilst  simultaneously,  the  rod  will  commence  revolving  in 
the  direction  of  the  upper  or  lower  bevel- wheel,  owing  to  the  pegs  of  the  top  or  of  the  bottom 
bevel-wheels  chiming  in  contact  with  the  grooves  of  the  clutch-box  fitted  fast  on  the  vertical  rod; 
the  revolving  of  the  latter,  will  similarly  alter  the  position  of  the  nut,  and  consequently  that  of 
the  lever. 

The  working  of  the  governor  is  as  follows:  Supposing  the  engine  is  running  away,  the 
vertical  rod  will  be  lifted,  and  the  trip-gear  so  becomes  relieved.  Simultaneously  the  pegs  of  the 
upper  bevel' wheel  grip  into  the  clutch-box  and  so  cause  the  rod  to  revolve  with  the  top  bevel-wheel, 
which  rotation  has  the  additional  effect  of  causing  the  bottom  nut  to  rise,  and  so  to  increase  the 
motion  of  the  regulating-lever.  After  thus  throttling  the  steam,  the  engine  would  resume  its  nor- 
mal working  s|>eed,  and  though  the  governor-balls  would  fall,  the  movement  of  the  regulating  lever 
would  not  entirely  follow  the  travel  of  the  governor-collar,  on  account  of  the  vertical  rod  being 
iihortened,  from  the  rising  of  the  nut.  In  other  words,  a  cut-off  would  approximately  be  main- 
tained, corresjionding  to  the  working-load  which  caused  the  governor  to  react. 

The  Wetherill  governor  thus  secures  a  uniform  engine-speed,  and  whilst  allowing  the  gover- 
nor to  retuni  to  its  normal  position,  it  retains  the  relieving-rods  in  the  position  they  acquire,  through 
the  action  of  the  governor. 

According  to  Prof.  Kadingers   report,  the  action   of  this  governor   is  remarkable.     After  a 
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few  vacillations  of  the  gOTemor- balls,  causing  a  slight  alternate  Tertical  motion  of  the  collar  as 
well  as  a  reciprocating  rotary  movement  of  the  vertical  rod,  tlie  governor  soon  secures  its  steady 
working,  by  finding  the  proper  position  of  the  relieving* rods,  it  thas  exactly  proportions  the  cut- 
off, to  the  normal  engine-speed. 

Prof*  Radinger  states  that  he  saw  engines  working  with  this  governor,  experience  sudden 
take-offs  and  pot~ons  of  the  load^  when  he  noticed  the  governor  to  act  instantaneously  on  the  valve- 
gear.  The  governor  then  proceeding  to  turn  the  vertical  rod  cjuickly,  a  nuniher  of  very  delicate 
rotations  brought  the  nut  in  the  proper  position  corresponding  with  the  engine-requirements,  after 
which  the  governor  continued  to  rotate  steadily. 

It  would  be  well,  if  this  mechanism  allowing  itself  to  be  applied  in  various  arraugeinents, 
were  more  generally  introduced  amongst  engines  workiug  with  automatic  variable  expansion  gear; 
for  then  no  doubt,  a  degree  of  perfection  would  be  attained,  which  would  fall  little  short  of  the 
theuretieal  ideal, 

€.    Working  with  the  V,  Ctrliss  valve-gear. 

^WilbelmshUtte'  Machine-works  near  Sprottan. 

As  far  as  we  are  aware,  tlie  engines  built  by  this  firm;  show  little  difference  from  the  original 
Corliss-construction,    which    we  described  on   p£^es  13   et  seq*  and  illustrated  by  fig.  24— 3 L     The 
reason   of  their  superiority  over  many  other  engine-types,  is  attributed  to  the  exactitude  of  manu- 
.  facture^  which  this  firm  displayed,  at  a  time,  when  good  material  and  precision  were  not  considered 
absolutely  essential. 

E.  Beinioke  of  Sonigeberg. 

A  somewhat  peculiar  Corliss-engine  type  was  exhibited  at  Vienna,  in  1873,  by  E.  Reiiiicke 
of  Konigsberg^  which  we  illustrate  on  our  Plate  HI  (fig.  1 — 3). 

In   the   first  place,   it  diflers  from  the  Corliss-original   by    the  introduction  of  an  J-shaped 
foundation-bed  inserted  beween  the  cylinder  and  the  valve-gear,  somewhat  after  the  manner  represen- 
ted on  our  Plate  L     In  our  opinion,  the  use  of  such  a  beam  is  far  more  justified  in  the  tirst-named 
example  than  in  the  present  engine;  for  in  that  arrangement,  all  the  machine  parts  were  bolted  to 
this  beam   resting  on   a   firm   foundation,  —  thus  forming  the  bed-plate   of  the  engine,  —  whereas 
in  the  present  engine,  the  coiTesponding  beam  merely  forms  a  connection  between  the  cylinder  and 
the  crank-bearings,  which  are  bolted  separately  to  the  engine  foundation.     It  is  true,  the  fifth  Corliss 
vaWe-gear  shows  the  same  arrangement,    because  on  account  of  the  trunk,   the  cylinder  and   crank- 
shaft bearings  are  alone  bolted  to  the  foundation;  in  this  case,  the  trmok  is  either  cast  in  one  piece 
urith  these  parts,  or  it  is  so  rigidly  connected  as  to  make  the  whole  appear  as  one. 

In  the  example  before  us,  the  trunk  is  bolted  to  the  cylinder  by  10  screw-bolts,  though  the 

drawings  placed  at  our  disposal,  do  not  show  what  provision  has  been  made,  to  prevent  these  bolts 

m  being  shorn  asunder      The    guide -block   runs    in    single    slide -bars.     The  valve- spindles   are 

remarkably  long,    and  in  the  place   of  the   forementioned  supports,  elliptical  plates  are  used  which 

^r<*  screwed  to   the  trunk,   and   through  which   the  valve-spindles  are  made  to  pass.     It  is  needless 

^0  observe  that  the  fitting   up  and   dismounting  of  the  machine  is   thereby  rendered  all  the  more 

^fficiilt;  and  in  our  opinion  the  greater  accessibility  so  gained  to  the  piston,  is  too  dearly  bought. 

The  constructive  details  of  the  valve-gear,  favor  the  Corliss-original,  and  they  are  well  pro- 

i'ortioned.     In   order   to   ensure   the  action  of  the  trip-gear,   small  weights  are  added,  though  it  is 

rather  singular,  that  the  spindle-levei-s  of  the  inlet-valves  are  placed  pointing  upwards,  as  it  necessi- 

^*®B   the  whole  arrangement  to  be  kept  somewhat  high. 

The  engine  is  worked  on  the  condensing  principle,  the  horizontal  air-pump   being  placed 
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b<!>hiud  the  steam-ejliader.     Uunnmz  as  4«:'  nwoijsifM^  per  3L3l  wisk  a  «Rk»  :if  2*   Vf*    ^«>  hbl) 
and  r  5''  (432  nun.;  erliDd^r-^naeta'  tke  pcv<r  ':t  diisse  *ff?r»»  a$  fusai  i::  42  iPl 

In  the  maebine  exlsibitftd.  &&  €ixiE&  ^acouiii  v!u»«i  w^3  kew^  cm.  •>>  oie  laaak^ai^  at  tke 
side  of  the  strap  Ay-wheel,  1?  ^*  za.  JTxm  latt  I?*  en  -out  jac*  .  &sr  ^zaBtsnriszBtE  a  ftwcuB  <rf 
the  engine  fower. 

The  engine  ffimilarh^  exkibfsef!  dj  i^iissf^  sxaeaixaB  as  tL^  Vaoiaa  ExsiKsikHr  «?f  l^^TS.  liore 
greater  rei^emblanccr  to  tb^  Coriiaj-<fT2Z3&aI.  loaz.  iLe  eazim^  Li^  i^^serflica:  liry  macr  Ine  kcb  on 
referring  to  Plat«  5,   'fig,  1  and  2. 

The  cjlinder.  Talre-box.  a&d  erifzidfr-ie^s  are  c&s:  m  oce  poees^.  azai  ^<e  tnak.  ^iie4MiSy 
and  erank-^Laft-bearixigs  ^'similariT  cast  tog«?dier  are  b«>hiHi  ^  xikft  irTuz  cyii=ii<9'-eovpr.  Tfce  dide- 
bare  are  V-farmcd;  tbe  form  c€  tbe  irTSik  ^  iearceij  mtammieBiiaM:. 

The  Talre-gear,  greaslj  projeetisg  oirrarazv^.  i:ies  ac^c  ma^e  a  £&T^-rabgi»  izLpce^ssioB.  The 
arrangement  resembles  tbe  one  aiiopceri  bf  Beznicke:  oa  die  ottar  kaai  R<^£:iSdke~«  gearing  parts 
and  eepetriallj  tbe  Y-frame  are  so  proportfocbec.  cbas  tbe  bfgt  p-ia^in^  c-c  ib*!^  Ta!T«-g4*ar  b  easflj 
Mteoumed  for.  In  onr  preaoit  engme-tjp^  on  tbe  eoEtrarr.  tk^  Sszxate  &:<ai  ^«  ibaidatMm  is  so 
great,  tbat  no  reason  can  be  asagned  fcr  tbe  bigb  bsiLiing'^  of  tbe  ¥alTe-g)?ar.^^ 

Tbe  eoBStructire  detaib  too.  tbow  certain  de^iatioBS.  vbieb  can  oalr  c<>  a«o«alcd  lor.  bj 
presmning  Ibat  a  change  was  Hcsriy  desired.  The  diaractexie  Y-^me.  appearing  as  snpputt  for 
tbe  whole  of  tbe  gear^meebaniam  in  tbe  original  Coriisfr-constrciction  is  totallj  igaoteJ,  and  in  its 
place,  we  find  tbe  gear-meebanism  artaebed  to  three  st^ioxase  bfxeket5«  boliei  to  Ae  trmk.  It  is 
erident  tbat  bj  socb  an  arrangement,  neither  tbe  duzabilitT  i«  inereased.  !»r  is  tbe  eBgEne-c<m- 
struction  simplified.  We  should  ob^erre  diat  tbe  plate  fitted  on  tbe  regnlator-leTer  for  woridi^  tbe 
trip-gear,  can  be  adjusted  to  a  nicetj.  bj  set-screws. 

Tbe  Icmgitxxdinal  section  of  tbe  cjifnder  diSers  from  the  ordiaarr  cosstmction  bj  tbe  seantj 
allowanee  made  for  tbe  TalTe4M>x.  whieb  is  not  rectangolar.  bnt  cxrealar  in  section.  For  tbe  re- 
ception of  an  TxnasnallT  long  staffing-box,  taking  np  tbe  bind  projecting  portion  of  Ae  piston, 
tbe  end  cjKnder  eorer  is  much  bellied  oatwards.  In  tbe  pfaice  of  tbe  ordbsarr  crank,  a  balanced 
crank-disc  is  used.  Tbe  arranging  of  tbe  condenser  and  of  tbe  air-pomp,  mar  be  seen  tnm.  tbe 
drawing. 

The  engine  is  described  as  of  45  hot  se  power  makiitg  55  reToladiVks  per  mimte.  Its 
cjliiMier-dianieter  is  1'  6"  445  mm.v  and  the  stroke  »=  2*  6"  «8i»  mm.*-.  The  flj-wbeel  diameter 
is  12*  ICr  {'3000  mm.»:  a  driring  poller  11"  ^'2^}  sssLr  wide  on  tbe  face^  i»  bolted  to  its  arms  for 
transmitting  tbe  engine-power. 

Brste  Brtnner  Maehine-worka  Co.  lim.  Br&rn. 

A  third  Coriiss-engine.  which  became  more  generally  known  by  tbe  Vienna-Exbibition  of 
1^73  is  illostrated  on  Plate  5.  and  fig.  47.  It  was  boilt  by  the  Erste  Bronner  Machine-works 
Company  Limited  of  Brfinn,  and  is  considered  one  of  the  best  interpretations  of  Corliss-engines. 
Tbe  whole  design  as  well  as  tbe  carefolly  derised  details,  prodoce  a  most  favorable  impression  on 
tbe  obsenrer,  which  impression  becomes  in  no  wise  lessened  by  a  more  exact  examination.  The 
simple  yet  solid  engine  parts  and  tbe  jodicioos  free  arrangement  of  all  the  constmctiTe  details 
largely  eontribote  to  tbe  beaoty  of  the  engine-design. 


*'j  The  hJUrfii,  aiitKoTiw-.l  CorliM -engine  cooatrvctions,  work  withoat  exception,  witk  the  gemr-di«e  centre  placed 
in  a  hffnJumtMl  pl^a*!  throogh  the  cjlinder-azis. 


The  machine  is  composed  of  three  main  pieces  namely:  the  cjlmder  resting  on  a  box^frame, 
giving  it  a  broad  and  solid  foundation:  the  Corliss  trunk  bolted  to  the  cylinder  and  furnished  with 
a  circular  sliding-siurface  for  the  guide-block,  and  thirdly^  the  crankshaft  pedestal  bolted  to  the  other 
end  of  the  Corliss-beam,  The  trunk  and  cylinder-legs  are  shown  in  section  in  fig.  3  and  4  (Plate 
5);  the  beam  is  provided  with  strong  ribs,  both  for  the  purpose  of  strengthening  it,  and  improving 
its  design.  The  box-formed  cylinder-base,  takes  np  the  exhaust-steam,  passing  it  oti*  into  the  con- 
denser by  a  cross-pipe  placed  underneath  it 

The  cylinder  is  of  very  simple  form.  The  valve-boxes  are  cast  with  the  cylinder,  and  are 
rectangular  in  section;  the  inlet- valves  are  connected  by  a  steam* passage,  in  the  centre  of  which 
the  throttle- valve  is  placed. 

The  steam  inlet- valves  are  constructed  in  the  usual  way,  but  on  account  of  the  diflferent 
arrangement  of  the  exhaust-passages,  the  outlet-valves  are  somewhat  altered  in  design* 

These  outlet-passages,  as  may  be  seen  from  tig.  5  (Plate  5)  shewing  a  longitudinal  section 
of  the  cylinder,  are  placed  opposite  the  exhaust-ports,  instead  of  being  at  right  angles  to  the  latter. 
The  advantage  gained  lies  in  the  more  rapid  drainage  of  the  cylinder,  owing  to  the  vertical  position  | 
of  these  passages. 

The  cross-head  is  fitted  with  gib  and  key,  whilst  the  butt-end  of  the  connecting  rod  isf 
also  fastened  to  the  piston-rod  by  gib  and  key.  The  piston-rod  is  not  taken  through  the  hind  cy- 
linder-cover 5  this  modification  is  all  the  more  recommendable  since  practice  has  amply  proven  that 
the  presumed  uneven  wear  of  the  cylinder-core  resulting  from  the  increased  friction  of  the  piston  on 
its  underside,  is  almost  *nil*  with  small  and  even  moderate-sized  engines.  The  crankshaft  is  made 
five  times  as  long  as  tlie  crank. 

The  crank-shaft  is  arranged  with  ample  bearing-surface.  The  flywheel  is  mounted  in  two 
halves  on  the  crank-shaft  which  is  6V4"  (162  mm.)  in  diameter,  strengthened  to  7%"  (190  mm.)  at 
its  necks.  The  diameter  of  the  fly-wheel  is  12'  2*'  (3800  mm.),  with  13* V'  (345  mm.)  on  its  face,^ 
Though  arranged  to  serve  for  belt-driving,  teeth-gearing  may  be  substituted  where  preferred. 

The  condenser,  arranged  under  the  engine,  is  connected  with  the  air-pump.  The  latter  ii 
worked  from  the  cross-head  by  link-work.  The  pump-diameter  is  9%"  (250  mm.)  and  its  stroke, 
corresponding  to  about  y^Q  of  the  cylinder-capacity  is  9%"  (240  mm.),  Tlie  pump-piston  cross-head 
works  similarly  in  a  cylindrical  slide  bolted  to  the  front  of  the  pump- cylinder.  The  centre  of  the 
vertical  rocking-lever  used  for  driving  the  pump,  is  somewhat  peculiarly  attached  to  two  curved 
cast  iron-beams,  which  are  fastened  at  one  of  their  ends  to  the  foundation,  and  at  the  other  to 
the  condenser. 

Working  at  60  lbs.  above  atmospheric  pressure  and  ruiming  at  60  revolutions  per  minute, 
wiUi  a  cylinder-diameter  of  lb%**  (395  mm.)  and  a  stroke  of  3'  T'  (950  mm.),  tliese  engines  are 
s&id  to  equal  30  IP. 

The  valve*gear  scarcely  differs  from   the  original  Corliss  pattern.     The  main  difference  lieal 
in   the  high   position  of  the  valve-mechanism  towards  the  cylinder-centre;   for  whereas   the  centre 
of  the   gear-disc  is  generally  kept  in  line  with  the  cylinder-centre,  it  is  placed  some  ly^**  (200  mm.) 
above  it,  and  the  high  position  of  the  motion-rods,  necessitates  the  valve-spindle  levers  to  be  turned 
upwards. 

The  length  of  the  inletr  and  outlet-passages  is  I2V4'    (315  mm.)  their  width  is   resp.  %^" 
im^J  and   IV^"  (30  mm.J.     These  dimensions,  thus  show,  the  ratio  of  the  inlet-  and  outlet-pas* 
to   the  cylinder  cross -section  to  be  %y  and  Vn  in  each  case.    The  steam  supply  and  exhaust- 1 
pipes^  4"  (106  nmu)  and  5%"  (140  mm.)  in  diameter,  stand  in  the  proportion  of  '/u  ft»d  '/»  to  tho| 
cylinder  eross-area. 

Our  fig.  5  (Plate  5)  simultaneously    illustrates    the   main   positions  of  the  valve-gear.     Tha. 
YalTes  &8  drawn,  correspond  approximately  to  the  piston  at  hall-stroke,  of  course  under  the  suppo- 
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sition  that  no  disengagement  has  taken  place.  The  gear-disc  is  drawn  in  its  extreme  position  to- 
wards the  cylinder,  and  is  just  on  the  point  of  reversing  its  motion.  The  travel  of  the  gear-disc 
is  7%"  (200  mm.),  the  throw  of  the  eccentric  being  made  to  correspond  with  it. 

The  travel  of  the  inlet-  and  outlet-valves ,  or  the  travel  of  the  working  edges  b  and  d  of 
the  inlet-  and  outlet- valves,  may  be  seen  in  our  fig.  7  and  7a  (Plate  5);  they  are  drawn  half-size, 
in  relation  to  the  piston-stroke.  These  curves  were  drawn  under  the  following  conditions:  the  lead 
of  the  eccentric  was  given  at  13^,  the  lineal  lead  (a  6)  of  the  inlet- valve  was  quoted  at  Vi^"  (1,5 
mm.),  and  with  the  valve-gear  placed  in  its  central  position  the  working  edges  of  the  exhaust-valves 
were  presumed  to  be  closed  against  the  ports,  inasmuch  as  the  two  exhaust-valves  must  be  shut 
in  this  position,   in  order  that  only  one  may  open,  on  the  arrival  of  the  crank  on  its  dead  centre. 

In  representing  the  diagrams  by  a  closed  curve,  we  have  somewhat  departed  from  the  me- 
tiiod,  we  have  previously  adopted;  but  in  order  to  obtain  an  accurate  diagram,  the  curve  has  been 
fixed  by  a  succession  of  points,  corresponding  to  the  crank  travelling  through  successive  spaces  of  10®. 

The  very  favorable  distribution  of  steam  in  this  engine,  becomes  at  once  apparent  from  the 
diagrams.  For,  according  to  fig.  7,  the  inlet-port  is  already  fully  open  at  %  of  the  stroke,  and  its 
extreme  declination  is  attained  at  (g)  corresponding  to  7so  ^^  stroke,  though  the  limit  of  the  ad- 
missible cut-off  only  corresponds  to  %  ^^  ^^  stroke.  In  our  fig.  7a,  we  obtain  a  lineal  lead  (a^b^) 
of  the  ouUet-valve  equal  to  %''  (8  mm.).  The  port  is  fully  open  at  /j,  or  at  about  V5  the  piston- 
stroke;  the  closing  of  this  port  begins  at  hi  and  is  entirely  shut-off  at  t|.  Thus,  complete  compres- 
sion will  only  take  place  close  to  the  piston-stroke  end. 

In  fig.  6  (Plate  5),  we  show  a  Corliss-engine  driving  a  high-lift  pump  as  exhibited  by  the 
forementioned  firm  at  the  Vienna  International  Exhibition.  We  may  here  observe,  that  the  trip-gear 
is  not  acted  upon  by  a  governor,  but  by  hand,  which  modification  is  rendered  possible,  owing  to  the 
load  not  varying,  thus  enabling  the  engines  to  work  at  a  uniform  degree  of  expansion.  The  valve, 
gear  of  the  steam-cylinder  is  quite  similar  to  the  gear  just  described,  though  in  the  last  named 
arrangement  the  steam-cylinder-bore  is  lOVi"  (500  mm.)  whilst  the  pump-cylinder  is  11%''  (303  mm.) 
in  diameter,  with  a  stroke  corresponding  to  3'  7%"  (1106  mm.). 


J.  Kbrbsi,  Andrits  near  Graa. 

On  Plate  6,  fig.  1  and  2,  we  illustrate  the  Corliss  engine-type  as  constructed  by  Mr.  J.  Ko- 
r5si  of  Andritz  near  Graz.  The  section  through  the  cylinder  shows  a  simple  arrangement.  The 
steam  inlet-  and  exhaust-passages  are  kept  narrow,  and  are  almost  as  long  as  the  cylinder-diameter 
The  cast-iron  valves  are  provided  with  brass  spindles,  which  are  carried  by  the  usual  bearings. 

The  piston-slide  is  Y-grooved,  and  the  cross-head  is  rendered  adjustable  by  screws.  The 
connection  between  the  Corliss-beam  and  the  cylinder,  may  be  seen  from  our  drawings. 

With  a  stroke  of  2'  9%"  (863  mm.)  and  a  cylinder-diameter  of  16V^"  (418  mm.)  these  en- 
gines are  run  at  60  revolutions  per  minute. 

We  refer  the  reader  for  additional  details  to  our  illustrations,  as  the  chief  dimensions  are 
there  inscribed. 

The  ^K5nig  Friedrich  Augost  HUtte'  Fotschappel  near  Dresden. 

At  the  Dresden  Industrial  Exhibition  of  1875,  the  ^Konig  Friedrich  August  Hiitte'  exhibited 
a  very  fair  specimen  of  a  20  nominal  horse-power  Corliss-engine,  to  which  we  likewise  refer  on 
Plate  6  fig.  3.  The  latter  shows  the  arrangement  of  the  valves  and  the  valve-gear,  and  it  forms, 
without  doubt,  one  of  the  best  interpretations  of  the  fifth  Corliss  yalve-gear.  We  desire  especially 
to  direct  attention  to  the  arrangement  of  the  valve-gear,  as  being  highly  recommendable  and  worthy 
of  further  imitation. 
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The  engine  lias  a  cylinder  of  12'V'  (320  mm.)  diameter   and  a  stroke  of  2'  1'^  (iHO  mm.};  ^ 
we  arc  unfortunately  unable    to  mention    itw  working  speed.     The  greater  portion   of  tlie  main  di- 
mensions are  inserted  on  our  fig.  3* 

Weise  Sl  MonBki,  of  Halle  a.  S. 

Messrs*  Weise  &  Monski  of  Halle  a.  S.  have  of  late  de- 
signed and  constructed  small  Corliss-engines,  an  example  of  which 
we  illustrate  on  Plate  6. 

The  general  arrangement  of  these  engines  is  represented 
in  fig.  1  and  2  and  barring  certain  subordinate  details,  which 
slightly  prejudice  the  sound  appearance  of  these  engines,  the  de- 
sign may  be  pronounced  good.  Amongst  such  secondary  defects, 
we  allude  in  particular  to  the  very  weak  cylinder- carriers,  and 
the  unproportioned  deep  spring-blades. 

A  steam-engine  more  than  tiny  other  machine,  should 
possess  elements  of  great  stability  and  it  is  no  doubt  owing 
to  this  fact,  that  the  old  massive  engine-bed  has  even  at  the  ' 
present  time,  many  admirers.  Though  we  do  not  view  the  Cor- 
liss-trunk with  the  displeasure  of  many  eogiueers,  still  we  con- 
sider one  of  the  first  essentials  of  a  good  engine-design  to  consist 
in  a  firm-  and  stable-looking  frame,  and  if  the  ordinary  box- 
pattern-bed  is  superseded,  the  cylinder  should  at  least  be  sup- 
ported on  strong  hroad-carriers,  ranch  in  the  same  style  as  we 
saw  adopted  by  the  ^Erste  Brtlnner  Actien-Geselbchaft'  (vide 
Plate  5). 

If,  in  this  respect  we  cannot  but  tind  fault  with  the  Cor- 
liss-engine of  Messrs.  Weise  tSi  Monski,  wo  are  all  the  more  ready 
to  award  them  praise  for  the  remaining  constructive  arrangement 
of  their  Corliss-engines;  the  valve-gear  especially,  both  by  its  out- 
ward appearance,  and  in  matters  of  detail,  may  be  classed 
one  of  the  best  arrangements  of  its  kind. 

The  cylinder  is  neatly  proportioned,  and  its  connection^ 
with  the  Corliss-beam  appeai^s  well  adapted  and  pleasing.  Tkiu 
may  be  best  seen  from  the  horizontal  section  of  the  cylinder  — 
Vide  fig.  1;  Plate  7  — ,  where  the  trunk  is  shewn  bolted  direct 
to  the  front  cylinder-end.  It  will  be  noticed,  that  the  front  cy- 
linder-cover  it^  dispensed  with,  a  modification  wliich  is  certainly 
advantageous. 

The  l^orliss- valves  arc  arranged  in  the  usual  manner; 
to  ensure  greater  working  accuracy,  additional  bearing  surface 
is  given  to  the  inlet- valves  by  an  extra  metal  strip  on  their 
left  side  (fig.  1,  Plate  7).  The  bracket-supports  of  the  vaWe- 
spindles,  which  are  cast  in  one  piece  with  the  valve-box  covers, 
are  commendable;  they  are  not  made  in  the  ordinary  bottle- 
lifhape,  but  they  are  shell-formed  open  at  the  top-side,  thua  not  I 
merely  affording  greater  accessibility  to  the  valve-spindle  stufinig 
boXj  but  also  serving  as  a  catch-oil  receptacle. 

The  diameter  of  the  cylinder  is  ISVi"  (340  mm.),  the] 
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stroke  is  2'  S^/J'  (700  mm.)  and  the  working  speed  is  quoted  at  65  revolutions;  the  engine  is  sup- 
posed to  work  at  25—30  horsepower,  with  90  lbs.  steam  in  the  boiler. 

The  steam-inlet-  and  outlet-passages  are  respectively  \"  (20  mm.)  and  V/^"  (30  mm.)  wide 
and  9^4 "  (250  mm.)  long,  which  thus  give  a  proportion,  in  the  first  named,  of  y,g,  and  in  the  second, 
of  Vity  ^  relation  to  the  cylinder  cross-area. 

The  steam-inlet-  and  outlet-pipes  are  respectively  y/^'*  (80  mm.)  and  4"  (105  mm.)  inside 
diameter,  thus  shewing  in  each  case  a  ratio  of  Vig  and  of  %,  with  the  cylinder  cross-area. 

The  main  positions  of  the  valves  are  drawn  in  fig.  8,  Plate  7.  The  lines  shewn  in  full 
correspond  to  the  position  of  the  crank  on  its  left  dead  centre,  ah  and  cd  being  the  connection  to 
the  inlet-  and  exhaust-valves.  Our  fig.  8a  shows  the  position  of  the  eccentric  to  be  at  /*,  or  at  a 
lead  angle  equal  to  10^;  the  corresponding  position  of  the  gear-disc  is  at  e,  with  the  di£Perent  motion- 
rods  somewhat  removed  from  their  central  position.  The  lineal  lead  of  the  inlet-valve  is  almost  Vig'' 
(2  mm.)  and  the  lineal  lead  of  the  outlet  valve  equals  y^"  (4  mm.).  The  travel  of  the  working 
edge  of  the  iidet-  and  exhaust-valves  in  relation  to  the  piston-stroke  is  drawn  in  fig.  48  and  fig.  49. 
If  we  compare  these  diagrams  with  those  given  on  Plate  5  (fig.  7  and  7a),  we  notice  that  in  Messrs. 
Weise  &  Monski's  engine,  the  eccentricity  or  the  valve-travel  is  too  small,  causing  the  passages 
to  open  too  slowly.  The  limit  of  automatic  disengagement  lies  at  ^%2  ^^  ^^^  stroke.  It  cannot  be 
carried  out  so  far  in  practice,  as  on  account  of  the  movement  of  the  valve,  and  consequently  of 
the  disengagement  tackle  being  so  slight  towards  the  stroke-end,  such  a  cut-off  would  become  un- 
certain in  its  working;  for  this  reason,  it  is  advisable  to  restrict  the  limit  of  automatic  disenga- 
gement to  Vs  of  the  piston-stroke. 

The  throw  of  the  eccentric  is  Cy^"  (160  mm.),  and  as  no  intermediate  link  work  is  intro- 
duced between  it  and  the  gear-disc,  the  rocking-motion  of  the  latter  is  as  great  The  connection 
between  eccentric  rod  and  gear-disc  is  direct,  and  not  by  the  intervention  of  a  crank  such  as  we 
have  seen  used  in  figure  24  (page  16). 

The  spring-blades,  as  we  have  already  observed,  are  exceedingly  long,  and  though  their 
length  may  contribute  to  their  greater  durability  and  certainty  of  working,  they  require  a  small 
race  to  clear  their  bottom  ends  when  rocking.     These  spring-blades  are  adjusted  by  set-screws. 

Proll's  governor  fitted  with  oil-brake  is  used  for  regulating  the  speed  of  this  engine. 

The  Corliss-trunk  is  cast  in  one  piece  with  the  crank-shaft  bearing,  which,  with  such  small 
engines  appears  quite  in  order.     Characteristic  is  the  construction  of  the  coimecting  rod-end. 

The  crank-shaft  6''  diam.  (155  mm.)  at  its  bearings  is  furnished  with  several  necks  to 
facilitate  the  mounting  of  the  eccentric,  and  the  fly-wheel,  etc.  The  crank-shaft  bearing  surface 
is  974"  (250  mm.)  wide,  and  the  pedestal  bearing  on  the  other  side  of  the  fly-wheel,  is  1174" 
(290  mm.)  wide. 

The  flywheel  which  is  arranged  for  belt-driving  is  11'  A^^"  (3500  mm.)  in  diam.  and  11%" 
^300  mm.)  on  the  face.  The  additional  dimensions  of  these  engines  may  be  read  from  our  working 
^Irawings. 


3.   Silencer  and  Tiiglis^  automatic,  variable  expansion-gear. 

In  1863,  Messrs.  Spencer  &  Inglis  introduced  an  automatic  variable  expansion-gear.  The 
latter,  though  retaining  the  Corliss  principle,  and  resembling  the  third  C-orliss  valve-gear  in  the  ar- 
rangement of  the  motion-rods,  and  in  the  rocking  gear-disc  on  the  cylinder-centre,  deviates  from 
"the  original  design  in  the  disposition  of  the  disengagement  tackle.  By  the  introduction  of  air- 
cushions  and  springs,  a  far  more  complete  arrangement  of  the  valve-gear  is  obtained. 
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ThiH  valve-gear,  made  its  first  public  appearance  at  the  Paris  Exkibitioii  of  1867,  Tlie 
engine^  to  which  it  was  fitted,  was  exhibited  and  built  by  Messrs.  Hick  llargreaves  &  Co.  of  Bolton, 
who  adopted  the  Spencer  &  luglis  valve-gear  and  who  are  still  turniug  out  a  large  number  of  en- 
gines  titted  with  this  gear,  with  some  later  improvements  in  the  valve  arrangement. 

The  arrangement  shewn  in  18G7  differs  however,  in  no  material  respect  from  the  construct^ 
adopted  at  the  present  time,  and  this  fact  appears  to  prove,  that  the  experience  gained  during  the 
jears  warrants  the  soundness  of  the  original  design,  as  requiring  little  need  of  improvement. 

In  fact,  we  find  in  the  Spencer  &  Inglis   valve-gear   an  arrangement  which  answers  all  the 
conditions  required  of  a  good  automatic  variable  expansion-gear.  For  it  is  certain  in  its  action,  and 
of  a  durable  character,  offering  easy   accessibility.     No  similar  valve-gear  has  been  so  readily  and 
favorably  received,  and  it  may  be  affirmed,  that  until  recently^  the  Spencer  &  Inglis  valve-gear  was  | 
the  one  most  generally  introduced. 

Fig.  r><>   shows    part  uf  a  Oorliss^cylinder  in    elevation^   fitt-ed  with   Spencer  &  Inglis   valve- 
gearing.      The   central    wrist  -  plates    give   motion  to 
the    steam- valve- rod  E  and  to   the  exhaust  valve-rod 
JS|.     In  this  example  the  steam-   and   exhaust- valves 
are   worked  separately   by  separate  eccentric  rods  If  j 
and  I?j,     The   steam-valve  is  opened   against  the  re-j 
sistance  of  a  .spring  contained  in  the  dash-pot  o,  and 
the  8  team -valve  double  clip  liberating  rod  J?  is  made  in 
two  parts,  connected  together  by  the  spring-clips.  When 
the  clips    are    raised    by   the    double  toe4ever  P,  the 
part  connected  to  the  valve-lever  L  is  instantly  drawn  ^i 
back  by  the  springs  and  the  steam  cut-off  from  the^f 
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cylinder;  E  is  the  rod  which  fixes  the  position  of  the 
toe-lever,  the  position  of  which  is  varied  by  the  governor 
acting   on  the  rod  M.     Fig.  51    is    a  drawing  of  the 
same    parts    of   the    valve-gearing    but  it  shows  the 
liberating   valve-rod   with   the  clips  raised,  the  valve- 
lever   pulled    back   and   steam   cut-off.     Fig.  52    is    a 
detail     of   Spencer    &    Inglis'    double    clip    liberatiug| 
valve-rod,  partly  in  section.    It  shows  the  rod  in  twal 
parts    one  within   the    other   connected    by   the   cYipn] 
and  free  when  tlie  ch*ps  are  raised,  to  separate.    Fig. 
o3  is  a  plan  of  the  liberating  valve-rod. 

As  has  already   been   observed,   the  arrange-1 
ment  of  the  valves,  motion-rods,  and  of  the  gear-  orj 
wrist-plate,   in    the   Spencer  &  Inglis    expansion-gear 
is    identical   with    the  third  C^orliss  valve-gear.     Con- 
sequently   we    here    obtain    a    similar  distribution  of- 
rteaiDy  etc.     On   the  other  hand ,   the    clip-  or  disengagement-gear,   appears  of  more  rational  design  f 
than    the   original   Corliss-type,    because    the    clip    of  the    catches    is    not   merely  one-sided   aa  the 
motion-rod  is  elippeil  simultaneously  on  l»oth  sides^  so  giving  it  greater  certainty  of  action.    No  com-i 
plaint  on   this   sc^re  has  yet  become  public,  although  the  trip  or  clip  arrangement  of  other   valve^l 
geam  —   especially  of  the  lifUi  Corliss  valve-gear    —    is  often  found  deficient  in   this  respect^  no 
Baiurdly  damaging  the  chief  advantage  to  be  gained  by  the  adoption  of  self-acting  variable  exf 
iion^gears. 

A  close  ijispection  of  the  Spencer  &  Inglis  valve-gear,  displays  at  once  the  completeness  ol 
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iis  design,  and  shows  that,  if  it  is  constructed  with  good  workmanship,  the  mechanism  will  work 
for  years  without  needing  stoppage  or  repairs. 

As  shewn  in  fig.  50  and  51,  and  more  especially  in  fig.  52  and  53,  the  motion-rod  of  the 
inlet-valve  is  made  in  two  parts,  telescoping  into  each  other,  one  end  of  which  is  connected  with 
the  wrist-plate,  whilst  the  other  extremity  is  rigidly  connected  with  the  inlet-valve.  The  first  of  these  (E) 
termed  the  double-clip  liberator-rod,  rocks  on  the  pin 
D  of  the  wrist-plate  A,  and  ends  in  a  cylindrical  for- 
med rod  e  which  in  its  turn,  is  made  to  fit  exact 
in  a  sleeve  T  of  the  upper  part  of  the  motion-rod. 
To  the  square  boss  of  the  lower  portion  of  the 
rod  E,  two  spring-clips  are  bolted,  which  are  fur- 
nished with  catches  or  clips  (nn)  towards  their  ex- 
tremities. The  upper  sleeve -formed  part  of  the 
motion-bar,  has  catch-plates  (oo)  into  which  the 
clips  (nn)  gear,  when  the  two  parts  of  the  mo- 
tion-bar have  sufficiently  approached  each  other. 
When  thus  in  gear,  the  motion-bar  may  be  consi- 
dered as  one  rigid  piece,  the  spiral  spring  0  to 
which  we  shall  again  refer,  constantly  tending  to 
keep  the  part  T  of  the  motion-bar  in  tension.  This  spring  is  thus  constantly  tending  to  close 
the  inlet-valve,  so'  that  it  will  only  be  necessary  when  cut-ofiT  of  the  steam  is  desired  to  disengage 
the  double  spring-clips  from  the  catch-plates  oo.  This  is  done  by  a  cam-piece  r  (marked  I{  in  fig. 
52)  which  swivels  on  a  pin  placed  inside  the  sleeve-portion  of  the  motion-bar.  The  cam  is  connected 
with  the  governor  by  link  connection  r,  and  thus  according  to  the  declination  of  the  governor-balls, 
the  cam  will  assume  various  positions.      It  is   self-evident,   that   disengagement   will  ensue  all  the 
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Booner,  the  more  the  cam  72  is  placed  cross- wise  on  the  motion-bar  axis.  The  swinging  action  of 
the  motion-bar,  in  which  the  cam-pin  takes  part,  brings  about  this  cross-wise  position;  consequently 
the  later  the  cut-off  is  desired  to  take  place,  the  more  must  the  longitudinal  axis  of  cam  and  mo- 
tion-bar coincide  with  each  other  at  the  beginning  of  the  stroke,  and  vice  versa.  The  working  of 
this  mechanism  will  be  best  understood  on  referring  to  fig.  54,  which  diagram  indicates  all  the 
different  relative  positions  of  the  wrist-plate  centre,  of  the  steam -valve -rod  and  of  the  valve- 
lever  and  the  toe  lever,  which  trips  out  the  catches.     The  double  motion  of  the  cam-piece  certainly 
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complicates  the  diagram,  alone  if  the  various  inscribed  figures  are  followed,  it  will  not  be  difficult 
to  trace  the  different  relative  positions. 

The  figure  shows,,  that  disengagement  will    sooner    ensue    the   more   the   governor- rod   R 


becomes 
shifted     out- 
wards, —  i*  e,  to  the 
right   of  the  cylinder -side 
as  here   drawn.      For  ensuring  a 
imiform  motion  towards  the  two  inlet- 
valves ,    two   toothed  segments    are    inserted, 
which   help  to  transmit  the  throw  of  the  governor- 
rod   M  equally    on  to   the    rods  BE.     The   latter   are 
furnished  at  their  ends,  with  a  spring  in  order  to  check  any 
violent  vacillations  of  the  governor. 

The  side  k  of  the  valve-spindle  is  connected  with  the  air*buffer 
or  dash-pot  0  hj  rod  P  and  the  dash-pot  is  made  to  contain  a  strong  spiral 
spring,  which  has  the  tendency  of  drawing  inwards  or  of  closing  the  inlet-valves. 
This  spring  comes  into  action  immediately  the  clip-gear  becomes  disengaged, 
thus  causing  the  inlet-valve  to  'cut^off\  The  air-buffer,  in  combination  with  tlie 
forementioned  spiral  spring,  permits  the  regulating  of  the  rapidity  of  cutting-off 
Fig.  54.  and  simultaneously  prevents  the  moving  parts  from  knocking  or  jarring  against 

each  other. 
Fig.  55  and  56  show    the  construction    of  the  dash-pots.     The   arrangement  of  the  steel- 
spring  for  closing  the  valve  and  effecting  the  cut-off  is  especially  shown  in  fig.  55.    The  piston  which 

Fig.  56. 
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works  in  the  dash-pot  serTes  to  prevent  concussion  by  pressing  against  a  small  quantity  of  "air,  shut 
in  as  the  piston  approaches  the  bottom.  Our  drawing  —  fig.  55  —  shows  half  the  air-buffer  in 
section  and  the  other  half  in  side-elevation ,  and  illustrates  the  dash-pot  most  generally  used.  Its 
main  body  Q,  consists  of  two  open  cylinders  with  one  partition  common  to  both.  The  trunk  piston 
K  works  in  these  cylinders  as  shewn.  These  cylinders  each  contain  the  spiral  spring  S,  which  be- 
comes compressed  on  the  piston  being  drawn  outwards.  This  piston  is  air-cushioned  by  the  open- 
ing Ml  and  the  set-screw  m,  but  especially  by  the  larger  opening  n,  which  takes  in  air  as  the  piston 
moves  outwards.  This  opening  n  is  so  placed,  that  the  piston  K  closes  it,  at  about  half  its  stroke; 
the  remaining  air  behind  the  piston  is  then  forced  to  escape  by  the  smaller  adjustable  opening  nii; 
by  means  of  which  the  flying  back  of  the  piston  may  be  retarded  at  pleasure. 

The  dash-pot  represented  in  fig.  56  is  one  introduced  by  Messrs.  Hick  Hargreaves  &  Co. 
and  combines  the  dash-pot  with  an  air-spring.  As  the  bottom  or  inside  of  the  small  trunk-piston 
is  in  communication  with  the  condenser  whilst  its  outside  surface  leads  to  the  atmosphere,  the  air 
presses  it  inwards,  and  thus  forms  the  spring  for  closing  the  steam-valve,  when  the  latter  is  liberated 
by  the  action  of  the  toe-lever.  The  piston  works  in  the  same  manner  as  described  in  fig.  55,  the 
air-passages  and  set-screw  being  similarly  retained. 

In  Our  opinion,  the  communication  between  the  cylinder  q  and  the  condenser  is  superfluous, 
since  the  outward  travel  of  the  piston  K  creates  of  itself  a  vacuum,  much  in  the  same  manner  as  we 
noticed  in  the  original  Corliss-type.    The  piston  K  is  of  course  connected  with  the  valve-spindle-lever. 


4.    Engines  working  with  the  Spencer  and  Inglis  valve-gear. 

Messrs.  Hick  Hargreaves  &  Co.,  Engineers,  Bolton. 

The  engine  shown  on  Plates  9  and  10  is  one  constructed  by  Messrs.  Hick  Hargreaves  &  Co. 
of  Bolton,  for  driving  a  Rail-mill,  for  rolling  steel-rails,  at  the  London  and  North- Western  Railway- 
works,  Crewe.    It  is  coupled  direct  to  the  rolling  mill  without  the  intervention  of  any  gearing.    The 
mill   is  on  the  ^ three  high  roll'  plan    and  when  steam  is  turned  on,  the  engine  drives  the  rolling 
machinery  at  50  revolutions  per  minute,  the  speed  being  controlled  directly  by  the  governor  acting 
on  the  expansion-gear,  so  that  whether  the  mill  is  running  empty,  or  rolling  rails,  the  turning  speed 
is    practically   uniform.     This   is   perhaps   the  most  severe  test  for   an   automatic  expansion-valve- 
gear.    The  result  of  the  working  of  this  Engine  during  some  years  has  been  most  satisfactory  and 
affords  an  example  of  the  suitability  of  this  Cofliss-valve-gearing  for  engines  having  great  variation 
in  load  or  resistance. 

Fig.  1  is  an  elevation  of  the  engine  complete,  showing  the  cylinder,  framing,  crank  and 
c^onnection,  fly-wheel,  condensing  apparatus,  etc  The  cylinder  is  40  inches  in  diameter,  and  the  stroke 
£  feet^  the  piston-rod,  cross-head  and  main-shaft  are  of  steel,  this  material  being  largely  used  in 
^11  engines  made  by  Hick  Hargreaves  &  Co.  Preparation  is  made  for  working  the  engine  vrith  or 
^^thout  condensation.  Fig.  2  is  a  plan  of  the  engine  complete,  showing  all  the  parts  in  plan.  Fig. 
3  is  a  section  through  the  cylinder  and  part  of  the  framing.  This  drawing  shows  Hick  Hargreaves 
A  Co.  improved  method  of  constructing  the  cylinders  of  Corliss-engines,  with  separate  internal  liner, 
separate  steam-jacket-casing,  and  separate  end-valve- chests,  a  construction  which  ensures  a  thoroughly 
eonnd  and  substantial  cylinder,  and  admits  of  very  close  and  hard  metal  being  used  for  the  internal 
c^ylinder  or  liner.  Fig.  4,  is  an  end-view  of  the  cylinder  showing  the  back  guide,  the  valve-levers, 
"wrist-plates,  etc. 

The  power  of  the  engine   when  non-condensing  is  given  at  476  H^.,   increasing   to  670  in- 
dicated horse-power,  when  condensing.     The  throttle-valve  is  placed  over  a  cast-iron  pipe  of  rect- 
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angular  section  placed  oyer  the  cylinder.  The  outlet- valve  chests,  which  also  form  supports  for  tHe 
cylinder^  give  off  the  spent  steam  into  the  exhaust-pipe,  either  coiumuiiicntitig  with  the  condenser  and 
the  air-pump,  or  with  the  atmosphere.  The  steam-inlet-  and  exliaust-pipes  arc  respectively,  8%'* 
(224  mm.)  and  14"  (360  mm.)  in  diameter,  and  their  area  in  respect  to  the  steam-piston-area,  is  in 
the  first  named,  ['^^y  and  in  the  second  Vg. 

ITie  hollow  Corliss  engine-frame  of  rectangular  section  is  bolted  to  the  front  valve-boxes 
and  to  the  crank-shaft- bearing.  The  connecting-rod,  six  times  the  orank-length,  is  made  in  the 
marine-engine  style.  The  crank-shaft  diameter  is  1'  1^/^'*  (494  mm.)  iu  diameter^  which  is  reduced^ 
across  its  bearing-surface  to  I'  5'^  (436  mm.);  the  width  of  bearing  m  I*  8%'*  (524  mm.). 

On  account  of  the  great  varying  loads  to  which  rolling-mill-engines  are  subjected,  the  fly- 
wheel had  to  be  made  both  large  and  heavy,  in  order  to  maintain  a  unitbrra  speed.    Its  diameter  j 
is  22*  and  it  is  1G%"  (416  ram.)  on  the  face;  the  wheel-arms,  12  in  number,  are  wedged  in  the  boaa  I 
and  bolted  to  the  rim. 

The  arrangement  of  the  other  engine-parts^  —  viz.  fixing  of  tlie  cold  water-  and  air-pump- 
lever,  crank-shaft-pedestal,  Porter's  governor  running  at  about  300  revolutions  per  min.  etc.  —  is 
graphically  explained  on  Plate  0. 

Fig,  1,  on  Plate  10,  shows  a  side- elevation  of  the  cylinder  of  tlie  Crewe-engiue,  representing] 
also  tlie  valve-gearing  in  detail,  and  fig,  2  is  a  diagram  of  the  valve-motions  showing  the  relative ] 
positions  of  the  valves  for  all  positions  of  the  piston. 

Messrs.  Hick  Hargreaves  k  Co.  apply  separate  eccentrics  for  working  the  inlet-  and  exhaust- 
valves  on  engines  running  under  largely  varying  loads ^  for  the  purpose  of  rendering  the  action  of 
the  one  set  independent  of  the  other.  This  arrangement  allows  a  free  choice  in  the  amount  of , 
lineal  lead  given  to  the  exhaust-valves,  and  also  yields  greater  limits  in  working  expansively:  that 
is  to  say,  the  extreme  position  at  which  the  governor  may  automatically  eflect  the  disengagement 
of  the  inlet-valve  motion-rods  can  be  lengthened  out  or  deferred  close  on  to  the  stroke-end.  It 
is  usual  with  the  forementioned  engineers  when  using  two  eccentrics,  to  arrange  the  valve-gear  in 
such  a  manner  as  to  render  an  automatic  cut-otf  up  to  %  stroke  possible.  With  the  London  and  i 
North-Westem  RoUiug-Mill-engine,  the   range  of  the   corresponding  automatic  adjustable   cut-off,   is  j 


limited  to  *v  stroke.     The 


lineal  lead   of  the  valve   is   1%'^ 


(45  mm.)   with   a  steam- passage  width 


of  3*3"  (80  mm,)\  consequently  the  exhaust  is  already  half  open,  with  the  crank  on  the  dead  centre. 

The  crank  is  in  this  position  in  both  figures  of  Plato  10;  the  inlet-valve  a  has  opened  to  | 
tlie  extent    of  7ic''   ('^  mm.)  and  attains    its  extreme  position  in  a,,    w^hiLst  the  inlet-valve  fe,  tra- 
vels  the  smaller  corresponding  distance   hi^,     The  main  driven  centre  of  the  wrist-plate  describes 
the  arc  ee^^    The  eccentric  is  set  at  an  angle  of  85"  behind  the  crank. 

The  port  of  the  outlet- valve  (d)  as  already  mentioned  is  opened  half-way,  the  outlet- vdve 
reaching  its  greatest  declination  at  tl^.  The  arc  cc^  explains  the  very  small  distance  travelled  during^J 
this  period  by  the  outlet-valre.  Both  valves  are  worked  from  one  wrist-plate  placed  at  the  back^H 
of  the  one,  gearing  the  inlet-valves.  The  dotted  line  of  iig.  1,  marked  w^ith  tf'  in  fig.  2,  indicating 
the  travel  of  the  head  of  the  eccentric  describes  the  are  cV^  up  to  its  returr^motion.  The  corre- 
sponding eccentric  is  set  to  an  angle  of  117"  in  advance  of  the  crank.  On  the  crank  reaching  the 
dead-centre,  the  valve  b  assumes  the  'role'  of  the  valve  a  which  we  have  just  described,  and  sinii- 
hirly  the  valve  d  takes  the  working  action  of  the  valve  c. 

The  construction  of  Messrs  Hick  Ilargreaves  &  Co.  s  valves  differs  materially  from  thi 
have  hitherto  described.    Their  sectional  form  will  be  seen  from  Iig.  2,  Plate  UK     The  valve-^<p; 
of  tlie  inlet-valves  is  only  made  flat  at  tlieir  end-discs.     The  outlet-valve  with  straight  through  pas* 
sage,  is  caat  hollow  for  reducing  as  raucli  as  possible  the  clearance-space,  care  being  taken  however 
to  prevent  the  steam  passage  from  becoming  thereby  reduced  in  size. 

In  tig*  57  we  have  drawn  a  diagram  relating  to  the  inlet- valve  travel;  the  distance  ae  denotes 
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the  I'/s"  (36  mnL)  inlet-passage  width,  ab  representing  the  lineal  lead.  The  port  is  fully  opened 
at  f,  or  at  about  0.15  stroke.  According  to  the  diagram,  the  limit  of  automatic  variable  expau> 
sion  would  therefore  be  li- 
mited to  %  stroke,  where 
the  line  mm  closes  the  double 
shaded  portion  of  our  dia- 
gram. Our  fig.  58  similarly 
relates  to  the  outlet-valve. 
On  account  of  the  conside- 
rable lead  Vi,  the  working 
edge  of  the  valve  has  al- 
ready reached  the  limit  g  of 
its  declination  at  0.24  stroke. 
The  closing  of  the  port  en- 
sues very  late  according  to 
the  diagram,  or  at  about 
0.99  stroke;  in  spite  of  this, 
the  diagram  proves  that  a 
certain  amount  of  compres- 
sion takes  place.  The  steam 
exhaust  begins  already  at 
0.87  stroke,  the  curve  begin- 
ning to  rise  rapidly  in  order 
to  have  opened  the  port  from 
Oi  to  &!  «=>  t?!  on  reaching 
the  dead-centre  CiC^. 

The  cylinders  of  the 
large  Corliss  -  valve  Beam 
engines  which  drive  the  ma- 
chinery at  the  great  Mills 
of  Sir  Titus  Salt,  Bart.  Sons 
&  Co.,  Saltaire  are  drawn  on 
our  Plate  11.  There  are 
two  pairs  of  Beam -engines 
with  4  Corliss-valve  cylin- 
ders, each  50''  dia.  and  T 
stroke.  The  engines  work 
at  30  revolutions  per  minute 
—  and  transmit  over  2000 
horse-power.  These  engines 
were  originally  by  Fair- 
bairn,  and  were  for  many 
years  considered  models  of  en- 
gineering skill.  About  10 
years  since,  the  original  cylin- 
ders which  had  stamper-val- 
ves, were  taken  out  and  re- 
placed by  the  Corliss -valve 
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cylinders  shewn  in  the  drawings;  the  result  was  a  marked  saying  in  fuel-consumption  and  in- 
creased steadiness  in  the  turning.  The  engines  as  now  arranged  are  amongst  the  largest  examples  of 
Corliss  engine-types,  hitherto  made.  The  new  cylinders  are  constructed  by  Hick  Hargreayes  &  Co.  from 
the  designs  of  Mr.  Wm.  Inglis.  Fig.  1  is  an  elevation  in  section,  shewing  the  steam  and  exhaust 
valves  and  chests^  and  the  steam  starting  stop-valve.  Fig.  2  is  a  side  elevation^  and  fig.  3  an  end 
elevation  shewing  the  whole  of  the  valve  gearing.  Fig.  4  is  a  plan  in  section^  shewing  the  steam 
jacket  space  round  the  cylinder  proper,  and  shewing  also  the  valve  levers.  Fig.  5,  is  also  a  plan 
in  section  —  but  taken  through  the  valves,  and  shewing  the  valve  spindle-levers  and  other  gearing.  Fig.  6 
is  an  elevation  on  a  smaller  scale,  giving  an  outline  diagram  of  the  various  rods  and  levers  for  trans- 
mitting motion  to  the  valves.     The  valve  gearing  is  Inglis  &  Spencer's  double-clip  type. 

The  cylinder  is  4'  2"  (1270  mm.)  diam.  and  7'  (2140  mm.)  stroke;  so  giving  oflF  a  piston  speed 
of  7'  (2,14  m.)  per  sec.  when  running  at  30  revolutions  per  min.  The  steam-supply  pipe  has  a 
valve  inserted  of  the  same  construction  as  the  inlet -valves,  for  regulating  the  steam-supply;  it  is 
worked  by  a  worm-wheel  (fig.  2),  though  it  may  be  quickly  worked  by  a  hand -lever  attached.  A 
small  ball-valve  is  introduced  near  the  valve,  which  on  starting  the  engine  opens  by  a  spindle-screw, 
and  balances  the  throttle-valve.  The  supply  and  exhaust  steam-pipes  are  cast  at  the  side  of  the 
cylinder  and  are  furnished  with  expansion-joints. 

All  the  four  valves  are  worked  from  one  eccentric. 

L.  Foillou  of  Lille. 

An  engine  which  shows  great  similarity,  in  its  general  arrangement  and  matters  of  detail,  to 
the  one  we  have  just  described  is  constructed  by  L.  Poillon  .of  Lille,  (France).  Our  Plates  12  and 
13,  illustrate  this  engine,  which  may  be  pronounced  to  be  an  exceedingly  true  reproduction  of  the 
original  type,  and  to  display  a  very  careful  and  well  devised  arrangement. 

The  engine  is  of  80  indicated  horse-power;  its  cylinder  is  15%"  (405  mm.)  in  diameter,  and 
with  a  stroke  of  3'  (915  mm.),  working  at  82  revolutions  per  minute  we  get  a  piston-speed  of  8' 
27,"  (2,5  m.)  per  second. 

If  this  engine  is  compared  with  Messrs.  Hick,  Hargreaves  &  Co.'s  speciality,  we  notice  at 
once  that  the  arrangement  of  the  jacketed  cylinder  is  very  nearly  the  same  in  each  case.  This 
similarity  also  extends  to  the  rectangular  steam-supply  pipe  with  its  lubricators,  and  the  Corliss 
valve  used  as  a  throttle-valve. 

The  Corliss  engine-frame  cast  hollow  and  rectangular  in  section,  is  made  to  carry  a  Porter's 
governor  driven  by  belting  at  about  170  revolutions  per  min.  For  the  purpose  of  counter-balancing 
the  weight  of  the  moving  parts  of  the  governor,  an  air-cylinder  is  introduced  and  constructed  as 
shewn  in  fig.  11  and  12  (Plate  12).  The  crank- end  of  the  engine -frame  rests  on  two  legs  on  the 
floor,  but  as  the  screw  bolts  holding  it  down,  are  only  lOVg"  (270  mm.)  apart^  the  corresponding 
width  of  bearing  surface,  for  the  crank-shaft,  appears  very  small. 

In  fig.  4  and  5,  (Plate  12)  we  show  sections  of  the  piston  slide-block,  which  runs  in 
straight  slides  in  the  engine-frame.  The  connecting  rod  is  five  and  a  half  times  the  length  of  the 
crank  or  8'  2"  (2515  mm.)  long.  The  flywheel  which  is  cast  in  one,  has  a  diameter  of  10'  5'' 
(3200  mm). 

The  air-pump  with  its  condenser  is  placed  horizontally  below  the  cylinder;  with  a  dia- 
meter of  8"  (203  mm.)  and  a  stroke  of  15"  (380  mm.)  the  air-pump  stands  in  the  proportion  of 
1  :  9.8  to  the  steam-cylinder.  The  construction  of  the  condenser  and  of  its  valves  is  shewn  in 
various  sections,  in  fig.  6—10.  The  air-pump  piston  is  driven  by  a  rocking- lever  attached  to  a 
cast-iron  support  below  the  floor-line;  the  upper  end  of  this  lever  is  connected  by  two  rods, 
with  the  steam  piston  cross-head,  whilst  two  short  connecting  rods  similarly  unite  its  lower  end 
with  the  pump-piston  cross-head.     To  ensure  the  horizontal  travel  of  the  pump-piston,  it  is  leng- 
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ihened  out  beyond  its  cross -head,  and  supported  in  a  slide  fixed  to  the  forementioned  east- 
iron  support. 

Fig.  6,  (Plate  13)  explains  the  simple  construction  of  the  disengagement  forks,  which  in 
one  respect,  will  be  seen  to  differ  firom  Messrs.   Hick  Hargreaves  and  Co/s  method  of  construction. 

To  afford  ample  bearing  surface  to  the  inlet  valves,  shewn  in  fig.  9,  the  latter  are  provided 
with  ribs  both  at  their  ends  and  at  their  centre.  The  exhaust  valves,  represented  in  fig.  10,  scarcely 
differ  from  the  original  type. 

The  working  of  the  valve-gear  may  be  inferred  from  our  fig.  5  and  5  a.  The  piston  is 
here  supposed  to  be  beginning  its  forward  stroke  with  the  crank  on  its  dead-centre.  The  valve- 
gear  is  presumed  to  haye  been  moved  to  the  right  to  the  extent  of  the  lead-angle  of  20^,  in  which 
position  the  inlet-valve  would  be  sufficiently  opened  to  allow  the  passing  of  the  steam,  without 
throttling  it.  The  passage  of  the  exhaust-valve  d  is  similary  opened  up  to  ^5  ^^  ^^^  width,  this 
allowing  the  vacuum  formed  in  the  condenser  to  re-act  on  the  steam  in  the  fore-part  of  the  cylin- 
der. If  the  valve -gear  was  turned  in  the  direction  of  the  inscribed  arrows,  the  valves  b  and  c 
would  work  quite  in  a  similar  manner. 

a.  Sigl,  of  Vienna. 

The  engineering  works  of  6.  Sigl  of  Vienna,  have  for  a  number  of  years,  adopted  the  Spencer 
&  Inglis  valve -gear  in  their  Corliss -engines.  The  general  design  of  these  engines,  and  the  care 
bestowed  on  matters  of  detail,  fully  warrant  these  machines  to  be  held  as  exemplary  models  to  the 
engineering  profession  at  large.  The  pair  of  coupled  en- 
gines which  are  represented  on  our  Plates  14  and  15,  were 
constructed  by  the  last  mentioned  firm,  for  the  town  water- 
works of  Florence. 

The  general  arrangement  of  these  engines,  may  be 
best  seen  firom  the  plan  drawn  in  fig.  2  (Plate  14).  Both 
engines  are  of  exact  design  and  finish,  and  though  the 
crank- shaft,  flywheel,  and  the  governor  etc.  are  common 
to  both,  each  cylinder  has  its  separate  condenser  and  its 
own  air-pump  driven  from  the  back-end  of  the  piston-rod. 

The  cylinder -diameter  is  1'  7%"  (500  mm.)  the 
stroke  =  3'  1074"  (1200  mm.)  and  the  average  piston 
speed  calculated  at  4iy2  revolutions  per  minute,  amounts 
to  6'  b"  (1,66  m.)  per  second. 

The  annexed  indicator  diagrams  —  fig.  59  being 
taken  from  the  cross-head  side  and  fig.  60  being  taken  from 
the  front  side  of  the  cylinder  —  indicate  under  the  fore- 
mentioned  conditions  137  horse-power.  The  diagram  drawn 
in  fig.  61  was  taken  with  the  machine  running  idle,  and 
as  this  indicates  10  horse-power  due  to  frictional  resistance, 
the  effective  power  of  these  engines  amounts  to  127  horse- 
powers. 

The  under  side  of  the  steam  cylinder  —  vide  fig. 
2  and  4^  Plate  14  —  is  made  to  receive  the  steam  which 
is  then  passed  upwards  round  the  cylinder  through  a  passage  97^"  (240  mm.)  wide;  in  this  circuit  the 
steam  is  made  to  pass  a  throttle -valve  and  enters  the  valve -box  from  its  side.  The  exhaust  is 
taken  up  by  the  cylinder-supports  whence  it  passes  into  a  pipe  leading  either  to  the  condenser  or 
into   the    atmosphere.     The    steam    inlet    and   exhaust    pipes    ^re  respectively    5"  (127  mm.)   and 


Fig.  59. 


■isAl 


Fig.  60. 


lAl 


=F=F 


Fig.  61. 


immeter  and    therefore    their   proportion   to   the   piston- area   is    Vj^,    and  Vu,  in 
each  case. 

The  piston-rod,  of  one  uniform  thickness,  is  made  to  pass  through  both  cylinder  covers,  and 
the  piston  itself  is  mounted  in  two  parts,  being  fastened  bj  cone  and  nut.  The  cylinder  casing  is 
cast  in  one  piece  and  bolted  to  the  valve -boxes.  The  front  cylinder  cover  is  cast  in  one  piece 
with  the  corresponding  valve- box,  though  its  centre  is  formed  by  a  separate  stuffing-box  bolted 
to  it.  This  arrangement  facilitates  the  attachment  of  the  Corliss  engine-frame  to  the  cylinder.  This 
frame  is  cast  in  one  piece  with  the  crank-shaft  bearings,  IVJ'  (190  mm.)  diameter  and  1'  (310  mm,) 
width*  The  connecting  rod-end  is  forged  in  one  piece,  and  is  attached  to  a  crank*disc,  the  diameter 
of  which  is  %  the  length  of  tlie  connecting  rod.  The  crank-pin  is  simultaneously  made  to  form  a 
counter-crank  working  the  cold  water-pump  of  9%"  (250  mm.)  diameter  and  9^/^"  (25<J  mm,)  stroke. 

The  double  acting  air-pump,  of  equal  stroke  to  that  of  the  a  team- pis  to  n ,  is  S'/a"  (210  mm.) 
in  diam.  and  its  piston-rod  is  1'/^"  (40  mm.)  diam.  The  capacity  of  the  air-pump  is  %g  that  of 
the  cylinder. 

Proeira  governor,  is  placed  between  the  two  engines,  and  is  driven  both  by  belting  3*/," 
(90  mm,)  wide  and  by  a  set  of  bevel-wheels  giving  oS  a  speed  of  144  revolutions  per  minute. 

The  flywheel,  common  to  both  engines,  is  15'  (4590  mm.)  in  diameter,  and  lOy^"  (2G4  mm.) 
on  its  face.     A  toothed  wheel  is  mounted  at  its  side  for  driving  the  pump-work. 

As  the  details  drawn  on  Plate  15,  will  no  doubt  be  found  self-explanatory,  we  will  merely 
refeJ'  to  fig*  7  and  7  a^  shewing  the  main  positions  of  the  valve-gear.  The  lineal  lead  of  the  inlet- 
valve  is  *'ig"  (1,5  mm,),  that  of  the  exhaust-valve  ^lo"  (5  mm,);  the  lead  angle  of  the  eccentric  is  26', 
its  eccentricity  or  throw  amounting  to  TV*  (130  mm.).  Owing  to  this  large  angle,  the  alternate 
motion  —  i,  e.  return-stroke  of  the  gear- disc,  and  of  the  inlet-valves  already  takes  place  at  a 
tbird,  or  to  be  more  exact  at  0.32  the  piston- stroke.  The  lead- angle  of  the  wrist -plate  or  gear- 
disc  is  17*^. 

We  may  fyrther  observe  with  reference  to  these  details,  that  the  cross  section  of  the  spring  , 
used  for  both  inlet-valves,  as  shewed  in  fig,  9.  is  "■/'  (20  mm.)  by  %/*  (5,5  mm,)  whereas  its  lengtl^l 
when   unstrained  is   1'  0';^,"  (550   mm).     The    front    of  this   spring  cylinder  is  fitted    u[t   with    an 
indicator  —  vide  fig.  1 1   —  for  the  purpose  of  shewing  with  every  stroke,  the  degree  of  expansion^ 
at  which  the  engine  is  working. 


Eschar,  Wyas  &  Go.  of  Ziiriob. 

A  T'orliss-engine  of  high  class  finish  was  shewn  by  Messrs.  Escher,  Wy ss  &  ('o.  of  Zftrich 
at  the  Vienna  International  Exhibition,  working  with  the  Spencer  k  Ingliss  valve*gear.  As  this 
engine  is  already  known  in  many  engineering  centres,  we  shall  confine  our  remarks  to  the  peculiar 
construction  of  its  cylinder  which  Plate  11,   fig.  4  illustrates. 

The   cylinder   casing  is  cast    in  one  piece,    and    carries  the  inlet-valve  steam  passages,  on^ 
its  top-side.      The  pair  of  front-valves,    to  which  the  casing  is  bolted  through  suitable  flanges, 
the  front-cylinder  cover  are  cast  in  one.     The  piston  is  lubricated  by  two  passages  provided  for  in' 
tlie  casting  of  the  casing;  a  copper-pipe  is  inserted  into  each,  and  as  the  pipe  penetrates  through  the 
casijigy  Uie  two  are  rendered  steam-tight  in  the  boring  of  the  cylinder-core.     The  piston  stuffing* 
box  ifi  let  into  the  hollow  cylinder-cover. 

The  piston-rod  stuffing-box  is  1'  11%"  (600  mm.)  in  diameter,  and  has  a  stroke  of  4'  4" 
(1350  mm,),  so  that  w*ith   the  crank  running  at  42  revolutions   per  minute,   the  piston*speed  ©qua 
6'  2"  (1,9  m.)   per   second;'  the  lead  angle   of  the  single  eccentric  is  25'*,  consequently  tlie    limit 
of  expansion  is  attained  at  ^  ^^  the  stroke. 

The  air  pump  piston,  with  hemp-packing  is  V  5*/^"  (4riO  mm,)  diameter  aiid  1'  11''/'  *'^'''w^»  mm.) 
stroke,  hence  the  capacities  of  the  air  ajid  steam  cylinders  are  in  the  ratio  V4* 
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With  a  cut-off  at  y^  the  stroke,  and  with  a  boiler -pressure  of  5  atmospheres,  the  engine 
indicates  about  170  horse-powers. 

Sodn  &  Wiok,  of  B&le. 

The  Corliss-engine,  shewn  at  the  Vienna  Exhibition  by  Messrs.  Socin  &  Wick,  Engineers  of 
Bale,  was  working  at  6  atmospheres  with  condenser  attached  and  was  running  at  65  revolutions 
(1,6  m.  piston-speed);  it  indicated  25 — 30  horse-powers.  The  piston  stroke  was  2'  5^4"  (750  mm.), 
the  cylinder-diameter  12 Vg"  (330  mm.);  the  cylinder  was  steam-jacketted. 

The  Bessemer-steel  crank,  shewed  equal  thickness  throughout  its  length,  thus  much  sim- 
plifying labour.  The  toothed  mortice-wheel,  S'/g"  (150  mm.)  on  its  face,  2^^'  (58  mm.)  pitch  and  of 
10'  474"  (3200  mm.)  diameter,  geared  into  an  iron  pinion.  The  air-pump,  attached  to  the  engine, 
was  driven  direct  from  the  piston  cross-head. 

The  firm  guarantees,  a  coal  consumption  of  2%  lbs.  (1,25  kg.)  per  hour  per  indicated  horse- 
power for  the  larger  types  of  these  engines. 


5.  J.  Frederick  Spencer's  variable  automatic  Expansion-gear. 

In  1868  Frederick  Spencer  of  London  patented  a  cut-oflf  mechanism,  entirely  deviating 
from  the  preceding  trip -gears.  We  represent  it,  attached  eis  before,  to  a  horizontal  Corliss- 
engine  in  fig.  62,  63  and  64;  the  first  named  figure  shows  this  gear  in  its  central  position,  with 
the  yalye  in  gear,  whereas  fig.  63  represents 
the  gear  disc  A  in  its  extreme  position  with 
the  inlet-valve  disengaged.  It  will  be  noti- 
ced, that  the  arrangement  of  the  gear-disc  or 
wrist -plate  A  and  of  the  inlet -valves  is 
quite  analogous  to  the  III  Corliss  valve-gear, 
whilst  the  transmission  of  the  governor-move- 
ment, by  means  of  toothed  segments,  has  been 
borrowed  from  the  Spencer  &Inglis  valve- gear. 

As  the  rocking  motion  of  the  gear 
disc  and  of  the  valve  spindles,  has  been 
retained  —  the  trip -gear  alone  being  dif- 
ferently constructed,  without  however,  exerci- 
sing any  varying  influence  on  the  former  — -,  it 
follows,  that  the  distribution  of  steam  in  the 
Spencer  Corliss-engine  type,  must  take  place  in 
precisely  the  same  manner,  as  fore-explained. 

The  valve  spindle  F  of  the  inlet-valve 
G  carries  two  loose  cranked -levers  L,  the 
lower  end  of  which  are  attached  to  the  ad- 
justable motion-bar  E,  driven  in  the  usual 
manner  from  the  wrist-plate  A.  The  upper 
ends  of  the  lever  Ly  carry  a  movable  catch 
Nn  between  them;  a  spring  has  the  tendency  of  pressing  upwards  the  longer  arm  of  this  catch, 
so  that  its  end  is  continually  forced  downwards  on  to  the  circumference  of  a  disc  K  firmly  keyed 
on  to  the  valve- spindle  F.  The  circumference  of  this  disc  is  furnished  with  a  protruding  catch- 
plate  0,  as  shewn  in  fig.  62  into  which  the  catch  n  gears,  and  in  this  manner  the  movement  of 
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the  gear -disc   or    wrist -plato  A  is    transferred  to  the  valve- spindle  F  when  the  motion  rod  E  — 
fig.  62    —    is  moving  in   the   direction  of  the   arrow.     This  rotary   movement  of  the  valve-spindle 

opens   the  inlet- valve   and    allows   steam  to  ^ 
enter  the  cylinder  behind  the  piston. 

Prior  to  the  wrist -plate  entering  on 
its  return  stroke,  the  crank -lever  1%  which 
is  set  in  a  certain  position  and  is  controlled 
from  the  governor  by  the  intermediate  rods 
RMj  catches  against  the  catch  N  whOstJ 
the  continued  movement  of  the  lever  L  forces  1 
the  catch-end  >;,  away  from  the  catch-plate 
0,  As  will  be  seen;  the  disc  K  is  connect- 
ed to  a  vertical  dash-pot  rod  P,  to  which  a 
weight  is  suspended  so  that  by  this  arrange- 
ment, the  disc  K  will  have  a  constant  ten- 
dency of  following  the  downward  pull  of 
the  rod  P;  consequently  as  soon  as  the 
catch  n  becomes  disengaged  from  the  catch- 
plate  Of  the  disc  K  will  instantaneously 
follow  this  tendency,,  and  close  simultaneously  theJ 
in  let- valve. 

If,  as  represented  in  fig.  63,  the  wrist  plate 
has  entered  on  its  ret  urn -stroke^  the  disengagementJ 
of  the  catch  Nn^  must  have  taken  place.  The  motion* 
rod  E  moves  in  the  direction  of  the  inscribed  arrow^ 
until  it  has  again  landed  the  catch-end  n  —  with 
the  assistance  of  the  forementioned  spring  —  into  J 
gear  with  the  catch -plate  o\  when  this  is  accom-j 
plished  it  resumes  its  stroke  as  shewn  in  fig.  02. 

Our  fig.  64  represents  the  working  relattonR 
of  catch  and  catch-plate.    Thus,  in  the  position  markedj 
1,    tlie  catch  has  just    dropped    into   gear,   whilst    it 
central  position  is  indicated  by  11.      In  order  to 
doce  the  friction   caused  by  the  circular  travel  of  thel 
valve,  the   distance  between  I  and  II  should  be  rela-i 
tively  kept  smaller  than  the  distance  from  II  to  VI, 
The  other  inscribed   positions   of  this  gear,  are  self- 
explanatory,    as   they  are  brought  in  relati<m  to   thoj 
piston* travel,   corresponding   to  the  automatic  cnt-oJ 
The  Spencer  valve-gear,  as  our    descripiiol 
and   drawings   amply   prove,    enjoys  simplicity  as  ito| 
chief  merit.    It  has  therefore  been  largely  applied 
late   years,  especially  in  combination    with  the  Etr- 
buffer  of  Messrs.  8pencer  &  Inglis, 


iirH- 


©■; 


// 


I- 


n  1 


<h 


m 


xi. 


Ud 


FJr  04. 


lariiie-ungino  worMiig  with  the  Fr.  Spencer  Valve-gear. 

K.  W.  Peek  &  Co,  of  "NBW-YoTk, 

The  Corliss  valve-gear  has  hitherto  beeu  comparatively  little  used  iii  m^riiie-engines.  This 
may  probablj  be  accounted  for,  owing  to  a  fixed  rate  of  expansion  being  mostly  adopted  in 
marine- en ginea,  in  place  of  a  variable  cut*off  controlled  by  a  governor,  which,  where  introduced  is 
made  to  act  on  a  throttle  or  shut-oft'  valve.  If  the  Corliss  valve- gear  is  appended  to  a  Marine 
Engine,  the  duty  of  the  governor  either  devolves  on  the  Engineer,  taking  up  much  of  his  time 
especially  on  high  seas^  or  the  trip -gear  is  arranged  to  cut-off  at  a  fixed  rate  of  expansion,  under 
the  supposition  of  a  uniform  load,  just  in  the  same  manner  as  we  saw  introduced,  on  the  Steam  pump 
described  on  pg.  37. 

The  engineering  firm  of  R.  W.  Peek  k  Co.  of  New-York  have  constructed  a  single  cylinder 
marine-engine,  litted  with  a  modification  of  the  Corliss  valve-gear  according  to  the  Frederick  Spencer 
type.  Of  this  engine,  or  rather  of  its  cylinder,  as  this  is  the  only  portion  which  interests  us,  wc 
give  different  views  on  Plate  8,  the  disengagement  gear  being  shown  enlarged  in  fig.  5  of  the 
same  Plate. 

The  preceding  description  of  this  valve -gear,  will  render  but  few  iulditional  remarks  on 
our  part  necessary;  we  therefore  confine  ourselves  to  the  following.  The  disengagement  of  the 
catch  from  its  catch-plate,  is  not  effected  by  the  governor,  but  the  engineer  shifts  the  moments  of 
contact,  by  means  of  a  lever  fastened  in  a  segment,  as  shewn  in  fig.  1  and  2. 

The  air-cylinders  or  dash-pots,  are  of  precisely  the  same  construction  as  we  described,  when 
treating  the  sixth  and  seventh  Corliss  valve -gears;  consequently  the  action  of  the  atmospheric 
pressure  is  used  in  place  of  a  spring.  These  two  air-cylinders  —  vide  fig.  3  —  are  placed  close  to 
gether  on  the  engine-frame,  though  they  are  arranged  behind  the  cylinder;  for  this  purpose  the  valve- 
spindles  are  extended,  in  order  to  carry  at  their  lower  ends,  small  cranks  on  to  which  the  buffer- 
pistons  are  fixed. 

The  engine  is  fitted  with  a  straight  reversing -link,  merely  used  for  reversing,  since  the 
variable  expansion  is  obtained  by  the  Spencer  mechanism. 

rThe  cylinder-bore  is  3^  IIV/  (1220  mm.),  the  two  piston  rods  having  5'  llV/  (1828  mm.) 
ptroke.  The  engine  frame  is  formed  by  four  inclined  columns  let  into  the  bed-plate  and  tightened 
up  at  the  under-side;  the  cylinder  is  supported  on  four  uprights,  the  upper  poHion  of  which  form 
the  slides. 


7.    Yariable  aiitoniatK'  Expansion-gear  of  Douglas  &  Grant  of  Kirkcaldy, 

Messrs.  Douglas  &  Grant',  Engineers  of  Kirkcaldy,  patented  a  variable  automatic  expan- 
siou-gear  in  1870,  which  has  been  largely  adopted  by  them,  of  late  years,  on  engines  of  almost 
all  aizes."^) 

The  Douglas  &  Grant  valve- gear,  bears  similarity  to  the  Spencer  type,  and  belongs 
with  the  latter,  to  the  third  Corliss-valve  arrangeraeut,  as  fig.  ()5  shews.  The  arrangement  of  the 
wrist-plate  A  with  the  eccentrie-rod  J?,  the  four  motion-rod  attachments  DDD^Dy^  and  the  posi- 
tion of  the  exhaust-valve  U  in  regard  to  its  spindle  F  and  lever  i,  have  already  been  described  in 
the  original  construction.     As  in  the  Spencer  valve-gear,  so  also  with  the  present  cut-off  arrangement, 


*)  Vide:  ' Enginemng '    d.   H.  November  1870  pg.  346  and  Diugler^y  Polyt  Journal  Part.  3,  vol.   CXCIX, 
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by  the  addon    of  the   buflfer-spring   which   is   connected   with   the  valve-Bpindle  by  the  rod  P  and 
the  leyer  K. 

'When  the  valve  is  about  to  open  'as  Engineering  has  it',  the  link -points  are  in  gear,  and 
are  gradually  moved  outwards  by  the  motion  of  the  lever  r  towards  the  full  side  of  the  eccentric, 
at  which  poiut  they  are  disengaged,  and  the  valves  closed  by  a  spring.  The  position  of  the  eccen- 
tric r  which  is  connected  with  and  moved  by  the  governor,  determines  the  point  at  which  the  valve 
will  cut-off  the  steam;  and  the  nearer,  the  full  side  of  the  eccentric  is  to  the  starting  point,  the 
earlier  will  the  cut-off  be.' 

The  points  nn  fully  catch  the  nibs  oo  when  the  governor  balls  are  running  low,  as  shewn  in 
positions  I  and  II  fig.  70.    If  steam  is  already  cut-off  at  0.0  stroke,  the  lever  very  soon  approaches 
the  full  side  of  the  eccentric,  as  shewn  in  position  III.     If 
only  one  eccentric  were  used,  the  extreme  limit  of  automatic 
cat-off,  would  be  reached  at  about  %  stroke,  which  in  our 
fig.  70,  corresponds  with  the  position  marked  V.  v  at 

Messrs.  Douglas  &  Grant  constructed,  under  the  super- 
intendence of  Mr.  G.  Allan,  a  Horizontal  Compound  Corliss-  / 
engine  indicating  no  less  than  1000  horse-power,  for  the  Fleming 
Spinning  and  Weaving  Mills,  of  Bombay,  being  the  most 
powerful  out  of  a  large  number  which  they  have  constructed. 
This  engine  is  drawn  in  plan  in  fig.  2  |(Plate  16),  fig.  1  gives 
a  side-view  of  the  external  valve-gear  applied  to  the  high-pres- 
sore  cylinder,  whilst  fig.  3  represents  a  longitudinal  section, 
simultaneously  showing  the  main  positions  of  the  valves,  and 
in  fig.  4  we  have  a  cross-section  of  the  same  low-pressure 
cylinder. 

The  bore  of  the  high-pressure  cylinder  is  3'  4"  (lOlG 
mm.),  that  of  the  low  5'  6*'  (1676  mm.)  whilst  the  stroke 
of  both  is  6'  (1828  mm.).  The  cranks  are  set  at  right  angles 
to  each  other,  the  receiver  being  placed  imder  the  high< 
pressure  cylinder. 

At  the  time  these  engines  indicated  1000  horse-power, 
they  were  working  with  a  boiler  pressure  of  80  lbs.,  and  an 
expansion  of  0.25  in  the  high-pressure  cylinder,  yielding  approximately  a  tenfold  total  expansion. 
The  piston-speed  was  7'  2"  (2,23  m.)  per  sec.  and  the  engines  were  consequently  running  at  about 
36V,"  revolutions  per  minute. 

Both  the  cylinders  and  covers  are  steam-jacketted  — -  vide  fig.  3  and  4  —  and  the  piston  as 
well  as  the  Corliss-valves,  work  in  cast-iron  bushes,  made  from  a  composition  of  tough  and  hard  iron. 

The  piston  rod,  of  the  uniform  thickness  of  6*/,"  (165  mm.),  is  carried  through  the  hind 
cylinder-covers  and  there  supported  by  a  flat  slide.  The  heavy  engine- frame,  is  supported  at  the 
end  of  the  slide  on  two  feet,  on  account  of  this  frame  being  hereabouts  joined  to  its  other  part, 
^hich  is  cast  in  one  piece  with  the  stool  carrying  the  crank-shaft  bearing. 

The  crank-shaft  diameter,  where  the  fly-wheel  is  mounted  is  V  8%"  (508  mm.)  being  reduced 
to  1'  4"  (406  mm.)  at  its  bearings  which  are  V  11%"  (610  mm.)  wide;  the  bushes  may  be  adjusted 
during  the  running  of  the  engine.  The  connecting  rod  h  5%  times  the  crank-length,  whilst  the 
crank-pin  in  10"  (254  mm.)  in  diameter  and  of  equal  length.  The  shaft  and  crank-pin,  piston- 
xods  etc  are  of  steel. 

The  diameter  of  the  toothed  fly-wheel  is  19'  10"  (6096  mm.)  and  with  a  width  of  24" 
(610  mm.)  on  the  face,  its  cast-iron  teeth  are  set  out  to  a  pitch  of  5%^"  (133  mm.).    The  teeth  are 


Fig.  70. 
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strengtheBed  in  the  manner  shewn  in  our  PlaHj  up  to  the  pitch* line;  16  segments  bolted  together 
form  the  wheel-rim.  The  10  arms  of  the  fly-wheel,  are  fiujtened  to  the  inner  rim,  by  wedge  and 
bolts,  their  other  conical  ends  being  let  in  to  the  wheel  boss  and  secured  with  wedges.  The  weight 
uf  the  Hy-wheel  and  of  the  crank-sbatt  is  over  53  tons  (52162  kg.). 

The  rim  of  the  fly-wheel  pinion,  6'  37/'  (1942  mm.)  in  diam.  is  similarly  secured  to  its 
arm8  and  boss.  The  condenser  is  placed  close  behind  the  low-pressure  cylinder,  and  is  furnished 
with  Allan's  improved  diaphragm,  for  dividing  the  water  and  offering  the  greatest  cooling  surface 
to  the  steam;  the  steam  condensing-surface,  thus  obtained  is  about  180  sq.  ft. 

The  air-pump,  4'  3%"  (1168  mm.)  in  diam,  and  2'  11%^"  (^^^  mm.)  stroke,  is  driven  by  a 
wrought-iron  lever,  from  the  extension  of  the  low-pressure  pi.ston-rod.  The  large-cylinder  has  a  four* 
fold  capacity,  of  that  of  the  air-pump. 

Each  cylinder  may  be  worked  independently  of  the  other,  and  without  condensing.  The 
low-pressure  cylinder,  is  in  fact  so  strong,  that  if  supplied  with  steam  direct  from  the  boilers,  it  can 
be  used  to  drive  the  whole  mill. 

The  travels  of  the  working  edges  of  the  inlet-and  exhaust- valves  of  tlie  high-pressure  cy- 
linder are  shewn  in  fig.  71  and  72;  those  of  the  low-pressure  cylinder  are  represented  in  fig.  73  and  74. 

If  we  notice  fig.  5  and  6  of  Plate  1<),  referring  to  the  crank-cireles  of  the  high  and  low 
pressure  cylinders,  we  shall  perceive,  that  the  travels  of  tbc  inlet -and  exliaust- valves  of  both  cylin- 
ders, are  rendered  independent  of  each  other,  by  the  application  of  two  eccentrics.  This  arrangement 
allows  automatic  variable  expansion  to  take  place  within  distant  limits,  as  in  the  high  pressure 
cylinder,  the  automatic  cut-oflf  can  ensue  up  to  7io  stroke,  whilst  with  the  low  pressure  cylinder  the 
steam  may  be  cut-off  by  the  expansion-gear  itself,  up  to  %f^  stroke;  the  shaded  portion  of  our  dia-  j 
grams  confirms  this,  by  shewing  shaded  the  limits  of  automatic  cut-off. 

Working  non-cxpansively  is  out  of  the  question  with  this  valve-gear,  since  if  the  clip-gear 
had  not  been  disengaged,  the  inlet-port  would  still  have  to  be  open  on  the  return  of  the  piston- 
stroke.  The  travel  which  would  result  herefrom,  but  which  in  reality  never  takes  place,  has  therefore 
merely  been  shewn  in  dotted  Hues  in  our  fig.  71  and  73,  For  this  reason  the  working  valve-edge  may 
only  travel  the  curve  (thftj^  after  which  it  must  pass  on  to  the  line  AB^  to  continue  its  travel  later 
on  at  /.  Our  fig.  74,  shows  a  certain  difference  with  our  previous  diagrams,  inasmuch,  as  this  valve  does 
not  travel  on  a  gradual  return-motion,  but  forms  a  kind  of  loop  IJ^  which  though  not  affecting  the 
steam-supply  is  nevertheless  detrimental,  on  account  of  the  repeated  changes  in  the  direction  of  motion. 

The  diagrams,  moreover  confirm,  the  advantageous  distribution  of  steam,  as  well  as  the  .slight 
overlapping  of  the  inlet-valves, 

£qual  cut-offs  on  both  cylinder  sides,  are  obtained  by  different  lineal  leads.     Thus: 

in   the  inward-side  of  the  high-pressure  cylinder:  Inlet  Vi"  (*J*^*  mm.);  Outlet  l^^ig"  (47  mm.) 

„     ,,     outward-side  „     „       „  „  ,,  „     %"  (10  mm.)         „       2**       (52  mm.) 

inward-side   of  the  low-pressure  „  „     %**  (6.5  mm.);        „       2V2"     (B3  mm.) 

,,     „    outward-aide  „     „        „         „  „  „     "/g"  i}^  1^'^  J  ?>       ^**        C^S  mm.). 

The  diameters  of  the  valves  vary  largely,  for  whereas  the  inlet-  and  exhaust-valves  of  the 
liigk*presaure  cylinder  are  respectively  7%"  (11*0  mm,)  and  8%''  (215  mm.)  the  corresponding  valve« 
of  thit  Iow*pressure  cylinder  are  97^"  (252  mm.)  and  ll'/V  (304  mm.)  in  diameter. 

The  throw  of  all  the  four  eccentrics  amounts  to  A^j>^*  (114   mm.);  this  eccentricity  is   aug«l 
mented  by  an  intervening  lever  in  the  proportion  of  3  :  4  on  to  the  gear-disc.     In  fig.  3,  5  and  6 
of  Plate  16>  the  inscribed  points  of  the  inlet-valve  eccentric  are  marked  with  vc^e^  whilst  those  of  thol 
exhaust' valve  ex  centric,  correspond  to  e'e\e\.   It  is  needless  to  refer  specially  to  the  working  poaitional 
of  the  valves  drawn  in  fig,  3,  as  their  action  will  be  readily  understood  with  the  aid  of  our  diagrams* 

On  Plate  VII  we  illuutrate  a  Compound  Beam-engine,  similarly  constructed  by  Hessra. 
Douglas  k  Grant 
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The  high-pressure  cylinder,  2'  P/^"  (661  mm.)  diam.  and  2'  57^"  (762  mm.)  stroke,  works 
with  Corliss-valves  and  the  Douglas  &  Grant  gear.  Separate  eccentrics  work  the  inlet-and  exhaust- 
valves;  these  eccentrics,  are  set  on  a  separate  horizontal  shaft,  which  is  geared  by  bevels  from  the 
crank-shaft.  The  low-pressure  cylinder  2'  8%"  (838  mm.)  diam.  and  4'  11 V/'  (1524  mm.)  stroke, 
has  two  equilibrium -valves  worked  off  the  horizontal  shafb,  by  rod  and  lever.  The  crank-shaft, 
15%"  (394  mm.)  diam.  at  the  fly-wheel,  is  reduced  to  llVg"  (305  mm.)  diameter  at  its  bearings,  which 
are  1'  5%"  (457  mm.)  wide.  The  connecting-rods  3%"  (95  mm.)  diam.  as  well  as  the  crank-pin 
5%"  (146  mm.)  diam.  are  made  of  steel. 

The  air-pump  1'  8"  (508  mm.)  diam.  and  2'  6^^'  (762  mm.)  stroke,  stands  in  the  capacity- 
ratio  of  1 : 5.7  to  the  low-pressure  cylinder. 

The  transmission  of  power  is  effected  by  rope  driving,  the  face  of  the  fly-wheel  receiving 
12  grooves  for  this  purpose.  The  fly-wheel  diameter  is  15'  10"  (4876  mm.)  and  its  weight  is  put 
down  at  11.15  tons  (11810  kg.) 


8.  Automatic  variable  Expansion-gear,  designed  by  Emil  Borzini. 

An  exceedingly  original  and  compendious  expansion-gear  designed,  by  Emil  Borzini  of  Milan 
for  Corliss -engines,  originates  from  the  works  of  B.  Pisani  at  Milan.  This  mechanism  has  been 
adopted,  of  late  years  by  the  last  named  firm  with  considerable  success,  and  has  met  with  a  favo- 
rable reception  amongst  engineers.  Its  main 
advantage,  consists  in  its  simple  construction; 
all  the  parts  being  of  circular  form,  can  be 
worked  up  accurately,  and  at  little  cost,  on 
the  ordinary  lathe. 

The  entire  disengagement-tackle  is 
enclosed  in  a  case  keeping  it  from  dust  etc. 
without  rendering  its  fitting  up,  or  taking 
to  pieces  more  difficult.  We  illustrate  this 
automatic  variable  expansion  gear  in  our 
fig.  75,  as  attached  to  one  side  of  a  hori- 
zontal cylinder.  It  will  not  be  necessary, 
to  refer  here  to  the  general  arrangement,  "Zi 
which  as  our  reference  letters  prove,  is  si- 
milar to  some  of  the  preceding  types,  and 
we  may  therefore  pass  on,  to  describe  the 
disengagement  gear  with  the  aid  of  fig.  76 
to  83. 

On  the  valve-spindle  F,  a  disc  K 
is  keyed,  to  which  the  buffer  rod  P  is  at- 
tached. A  circular  casing,  inside  of  which, 
the  remaining  mechanism  is  placed,  carries 
a  lever  L,  whose  eye  forms  the  connection 
with  the  motion -rod  E.  The  end  of 
the  valve-spindle  carries,  a  loose  disc  R  furnished  with .  a  small  lever  r.  A  box  /  also  placed 
loose  on  the  valve-spindle  inside  of  the  plate  -R,  forms,  as  it  were,  two  rings  of  difierent  dia- 
meters, the  largest  of  which,  fits  accurately    in   the  ring  L;   the  two  are  connected  together  by 
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grooTe  and  key  b,  so  that  the  box  f  is  obliged  to  participate  in  the  rotary  movement  of  the  ring 
and  of  the  lever  Ly  whilst  its  loose  fitting  on  the  valve  spindle  permits  it  to  slide  on  the  latter. 

This  box  /)  contains  a  plate  g^  similarly  fastened  and  revolving  vi^ith  it. 

In  order  to  transmit  the  rotary  motion  of  Ly  f  and  g,  on  to  the  disc  K  or  intermittingly 
on  to  the  valve-spindle  F^  the  two  discs  K  and  g  work  on  to  a  clutch-box.  These  two  discs  will  be 
to    have    two    concentric 


Fig.  76. 


rig.  77. 
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grooves  opposite  each  other.  In 
the  groove  belonging  to  the  disc 
K,  two  ring -sectors  each  fur- 
nished with  a  catch-tooth  o,  are 
fiurtened  in  by  three  countersunk 
screws  —  vide  fig.  76  —;  the 
opposite  groove  of  the  plate  g 
is  similary  made  to  receive  two 
short  steel-sectors  nn  leaving  suf- 
ficient space  between  them  to 
allow  the  teeth  o  to  grip  in  this 
space  (fig.  78).  To  deaden  the 
shock  of  the  plate  g  against  the 
disc  K  when  the  clutch -box 
comes  into  gear,  the  edge  of  the 
plate  f  is  provided  with  a  leather- 
cnahion.  The  spiral  S  tends  to 
press  the  plate  g  against  the 
disc  Ky  or  to  bring  the  clutch- 
box  into  gear.  The  knocking 
out  of  gear  of  the  clutch-box, 
reqaires  the  plate  (/  to  be  press- 
ed back  against  the  action  of 
the  spring.  This  is  accomplished 
by  a  separate  mechanism  drawn 
over  the  smaller  ring-portion  of 
the  box  and  applied  to  the  box 
/";  it  consists  of  a  steel  ring  with 
two  diametrically  opposed  groo- 
ves ee.  A  side  view  of  this  ring 
and  of  its  groove  is  shewn  in 
fig.  81.  It  is  in  these  grooves  ee 
that  two  pins  screwed  through 
the  boss  of  the  lever  r,  gear. 

Our  fig.  80  shows  the 
clutch-box  in  gear.  If  the  lever 
L  is  therefore  moved  in  the  direc- 
tion of  the  arrow  (fig.  75),  the 
disc  K  and  spindle  F  are  similarly  turned,  and  the  inlet  valve  is  opened.  This  motion  however 
merely  continues  so  long  as  the  pins  are  sliding  in  the  straight  portions  of  the  grooves  ee,  for 
as  soon  as  the  pins  get  into  the*  slanting  portions  of  these  grooves,  the  lever  r  being  held  firm  in 
a  given   position  from    the  govenior,    the  box  f  and  plate  g   are  drawn  back.     The  teeth  oo  be- 
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come  disengaged    from  the  seciora  nUj    so    relieving   the  chxtch-box  aiid  allowing  the  buffer  0  to 

come  into  action  and  close  the  valve. 

In  order  to  afford  as  correct  an  idea  of  the  different  working  positions  of  the  pins  pertain- 
ing to  various  expansion  grades,  we  have  shewn  the  ring  in 
section  and  in  plan  (partially  unrolled)  in  figs.  82  and  83.  Fig, 
82  enables  us  to  read  off  the  corresponding  positions  of  tlie 
levers  KL  and  r,  and  of  the  ping.  As  already  explained,  the 
box  f  as  well  as  the  ring  a  revolve  with  the  boss  of  the  lever 
Lf  whereas  the  disc  R  under  control  of  the  governor  may  be 
considered  fast  in  it>s  positions.  The  first  named,  will  under  all 
circumstances  travel  the  full  travel  assigned  to  them  by  the 
motion-bar,  but  it  will  depend  on  the  positions  of  the  pins, 
as  to,  the  travel »  during  which  the  ring  a  and  the  box  f  is 
pressed  against  the  disc  K,  Now  as  this  travel  corresponds  ex- 
actly to  the  inletting  of  the  steam,  we  thus  obtain  a  ready  means 
.  of  ascertaining  the  limits  of  expansion.  The  entire  travel  of  tlie 
valve-lever  L,  brought  in  relation  to  the  ring  a,  gives  us  the 
length  s^i  or  yij^.  Fig»  83  explains  that  according  to  the  po- 
sition of  the  pinSj  the  travel  of  the  latter  in  the  upper  portion 
of  the  groove  will  be  longer  or  shorter.  If,  for  instance  the  pin 
at  the  beginning  is  at  Zj  it  will  finally  arrive  at  jefj,  and  no 
disengagement  will  have  taken  place^  on  account  of  the  clutch- 
box  not  being  knocked  out  of  gear.  Only  when  the  pin  starts 
in  a  position  between  x  and  ;i;,,  will  the  box  f  recede  from 
the  disc  K  over  and  above  the  depth  of  the  clutch-grip,  thus 
involving  disengagement.  The  extreme  limit  of  automatic  va- 
riable expansion,  corresponds  to  the  nearest  position  of  the  pin  to 
jBf.  It  allows  a  cut-off  at  over  one  third  (0.36)  the  stroke 
with  a  lead-angle  of  about  16'' j  the  end-position  uf  the  pin 
in  this   case  is   at  x  where  the   disengagement  of  the  clutch- 
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box  ensues.     The  travel  beyond 
the  clutch-box  out  of  gear. 


Xj  equal  to  a;  afj    in    an   extreme  case, 


takes  place   with 


9,    Yariable  Aiitoniatic  Expansion-gear  of  Jerome  Wheelock 

of  Worcester  U.  S. 

The  variable  automatic  expansion-gear  of  Mr  Jerome  Wheelock  of  Worcester ^  one  of  the 
most  important  Machinists  of  North  America,  became  known  to  English  engineers,  partly  through 
the  Philadelphia  Exhibition,  and  still  more  so,  by  the  Paris  International  Exhibition  of  1878. 

This  valve-gear  excited  the  greatest  interest,  at  Philadelphia,  as  well  as  at  Paris.  The 
economical  arrangement  of  the  inlet-valves,  the  simplicity  of  the  external  mechanism,  as  well  bm  the 
apparent  durability  of  the  moving  parts  —  were  the  chief  meritorious  points  displayed  by  a  Hori- 
zontal Engine,  exhibited  in  motion  by  the  last  named  Engineering  firm. 

The  main  characteristic  of  this  valve-gear,  is  the  transfer  of  the  inlet-valves  to  the  under 
side  of  the  cylinder,  in  close  proximity  to  the  exhaust  valve;  thus  only  one  opening  at  each  cy- 
linder end  is  rendered  necessary.  It  is  not  to  be  denied,  that  tlie  conception  of  this  arrangement 
is  a  happy  modification  of  the  Corliss-engine, 
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It  will  be  seen,  from  the  side-elevation  of  this  valve-gear  given  in  fig.  1  Plate  17|  that  the 
>p  part  of  the  cylinder  is  kept  perfectly  plaiti.  The  gear-disc  or  wrist- plate  with  the  mechanism 
of  the  111.  Corliss  valve-gear  as  well  as  the  springs  of  the  V.  Corliss  valve-gear,  have  been  dispensed 
with,  and  we  find  subatituted  a  far  more  concise  gear  working  on  two  main  centres;  altogether 
this  arrangement  is  of  more  pleasing  effect. 

The  disengagement-gear  is  derived  from  the  Harris  or  the  IV.  Corliss-valve  gear,  with  this 
difference  that  the  fork  is  reversed  with  its  prong  downwards,  owing  to  the  governor  link-mechanism 
working  accordingly.  Our  text  fig.  84  represents  this  relieving- motion  as  attached  to  the  left 
cylinder  aide,  whereas  in  fig.  85  the  po- 
sition  of   the    respective  valves    to   each  f 

other    is    drawn    in    section.      We    have     -^ — '1^  ^^^t^^^z^Zh-n         B 

retained  our  former  alphabetical  reference, 
80  that  with  the  aid  of  our  Plate  17,  the 
working  of  the  whole  an*angement  will 
be  easily  imderstood. 

A  lever  L^  is  keyed  fast  on  to 
the  steel  exhaust  -  valve  spindle  i/,  the 
former  receiving  its  rocking  motion  from 
the  Unk  B  and  the  eccentric  rod.  A  pin  1) 
is  screwed  eccentric  fashion  into  the  lever 
i,,  and  this  pin  forms  the  swing-centre  of 
the  disengagement-rod  NNj  and  of  the 
gnide-rod  E.  The  end  of  the  last- men- 
tioned rod  is  kept  square  next  to  the  pin, 
on  account  of  its  working  in  the  narrow 

slot   of  the   crescent-formed  part  of  the  ^*8-  ^ 

rod  Nj  bnt  this  rod  is  otherwise  of  circular  section,  sliding 
in  the  steel  sleeve  o.    As  aforesaid,  the  disengagement-rod  ct 

is    fork- formed   with   its  curved   prong  facing  downwards,  \    D- 

whereas  its  other  prong  is  kept  straight,  and  furnished  with 
a  steel  catch-plate  at  its  under  side,  which  according  to 
the  position  of  the  rod  NN  falls  in  or  ont  of  gear  with 
the  steel-sleeve.  A  pin  is  welded  on  to  the  sleeve  o  and 
fits  into  an  eye  of  the  lever  L.  The  latter  with  its  arm  A' 
forms  a  crank -lever,  connected  with  the  buffer  rod  N  to  a 
falling  dash-pot  weight;  thus,  this  lever  is  continually  being 
pulled  in  the  direction  of  the  fijigera  of  a  watch^  and  as  a 
consequence  there  is  a  constant  tendency  of  the  sleeve 
tripping  up  against  the  catch-plate,  or  as  we  have  already  explained,  of  a  rapid  shutting-otf  of 
the  Talve« 

In  order  to  effect  disengagement  at  the  proper  time,  another  lever  R  is  mounted  loose  on 
the  valve-spindle,  behind  the  crank-lever  LK,  The  boss  of  this  lever  carries  a  projecting  catch  r, 
irhich  when  moving  in  the  direction  of  the  fingers  of  a  watch,  presses  against  the  crescent-formed 
prong  of  the  disengagement-fork  and  forcing  up  the  latter,  relieves  the  catch-plate  n  from  the 
sleeve  o.  It  may  perhaps  appear  superfluous  to  observe,  that  the  lever  R  is  connected  with  the 
governor  by  the  rod  My  and  is  adjusted  to  a  certain  position,  corresponding  to  the  degree  of  expan- 
sion, with  which  it  is  desired  to  work  the  engines. 

The  form  of  valve  used,  is  shewn  in  our  fig,  85,     The  valve  JSf  works  similar  to  the  slides 
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of  engines  running  with  two  separate  slide-valves;  that  is  to  say^  its  duty  is  to  place  the  ports  aa^ 
alternately  in  communication  with  each  other  whilst  exhausting,  and  with  the  return  of  the  piston- 
stroke,  to  open  the  passage  a  to  the  extent  of  the  lineal  lead.  It  is  therefore  not  quite  correct, 
to  term  this  valve  the  exhaust-valve,  though  we  have  retained  this  nomenclature  in  order  not  to 
complicate  the  description,  hy  using  another  term.  The  valve  G  is,  therefore,  merely  the  expansion- 
valve,  and  it  differs  in  form  from  the  ordinary  Corliss-valve  only  through  being  concave  on  its  work- 
ing surface  $  so  as  to  lessen  the  frictional- travel  and  to  increase  the  size  of  the  steam -passage. 
The  distribution  of  the  steam  is  effected  in  the  following  manner:  Assuming  the  valves  to  be  in 
positions  b^  and  c^  the  piston  will  have  completed  about  half  its  stroke,  and  be  moving  in  towards 
the  cylinder-end  to  which  our  figures  refer.  The  steam-passages  aa,  are  quite  open,  allowing  free 
exhaust.  With  the  travel  of  the  valves  tending  towards  b  and  c,  steam-passage  a^  becomes  contracted 
and  the  lever  L  is  similary  moved.  On  account  of  the  formentioned  valve -concavity,  the  valve  G 
affords  on  opening  double -passages  to  the  steam;  the  advantage  thus  obtained  is  evident,  for 
throttling  or  the  wire-drawing  of  the  steam  through  the  valve  is  thereby  completely  prevented.  In 
this  manner,  the  valve  (?  in  no  wise  controls  the  opening  and  shutting  of  the  admission-port 

On  the  arrival  of  the  levers  L  and  L^  into  positions  ^^  ^^^  ^2}  disengagement  must  have 
taken  place,  otherwise  the  steam-supply  is  kept  up  to  the  stroke-end.  Considering  that  the  duration 
of  back-pressure  is  reduced  to  a  minimum,  it  can  scarcely  be  considered  a  fault,  that  on  the  closing 
of  the  expansion-valve,  the  steam  also  expands  in  the  valve-box  H. 

The  different  positions  of  the  disengagement  gear  are  represented  in  outline  in  our  fig.  86. 


Fig.  86. 

As  this  drawing  explains,  the  automatic  cut-off,  lies  within  narrow  limits  in  this  arrangement,  worked 
as  it  is  by  one  eccentric.     Our  outline  was  drawn  under  a  presumed  lead-angle  of  15^ 

The  engine  represented  by  our  Plate  17  was  exhibited  by  Mr.  Wheelock  at  the  Paris  Ex- 
hibition. The  eccentric-rod  is  made  to  slip  on  or  off  the  first  valve-lever  —  vide  fig.  1  —  its  end 
forming  a  handle  for  the  purpose  of  gearing  the  engine  by  hand.  The  connecting  rod  joining  the 
two  exhaust -valves  is  placed  behind,  and  it  is  rendered  adjustable  —  similar  to  the  other  rods  — 
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by  a  screw -joint,  in  order  to  obtain  as  exact  a  distribution  of  steam  as  possible.  An  inter- 
mediate link  attached  to  the  governor -stand,  increases  the  throw  of  the  eccentric  on  to  the  valve- 
gear,  and  thus  brings  the  eccentric  rod  closer  up  to  the  cylinder  —  vide  fig.  2  Plate  17. 

On  account  of  the  symmetrical  arrangement  of  the  disengagement-gear,  the  collar-movement 
of  the  governor  is  transmitted  to  the  valve -gear  by  an  intermediate  toothed  segment  and  pinion 
placed  in  front  of  the  cylinder;  the  prolongation  of  the  lower  screw-bolt  of  the  valve-box  forms  the 
centre  of  this  segment. 

Referring  to  the  valve -spindles,  our  fig.  3  (Plate  17)  shews  us  a  constructive  arrangement 
which  requires  the  greatest  accuracy  of  workmanship  and  finish.  —  We  allude  to  the  valve-spindles 
being  made  to  fit  without  any  packing,  a  long  metal* bush  rendering  them  steam-tight.  These 
spindles  are  made  of  hardened  steel,  and  as  the  hind  part  of  the  valve,  possesses  a  greater  effectual 
surface  for  the  action  of  the  steam,  the  latter  presses  the  spindle- boss  against  the  bush-lining,  and 
a  steam-tight  joint  is  thus  obtained.  The  easy  movement  of  the  valve. is  largely  praised,  since 
actual  practice  proves  that  the  wear  and  tear  of  the  valve -face  takes  place  in  exactly  the  same 
degree  as  the  spindle  itself,  so  preventing  any  leakage-gaps.  The  adjustability  of  the  valves  on  their 
seats,  is  effected  by  a  steel  set-screw  let  in  the  back  cover  of  the  valve-box;  in  this  manner,  the 
spindle -boss  may  be  brought  closer  to  or  further  away  from  the  metal-bush.  These  details  are 
shown  drawn  to  a  larger  scale  in  fig.  6  —  8  (Plate  17). 

The  construction  of  Wheelock's  patent  piston  is  shewn  in  section  in  fig.  5,  and  in  order  to 
fiacilitate  the  description  of  this  highly  approved  piston-construction  the  annexed  figs.  87  to  90  are 
here  inserted.  The  circumferenc  of  this  piston,  which  is  cast  hollow 
has  two  grooves,  into  which  four  ring-segments  h  are  inserted,  over- 
lapping each  other  in  the  manner  shewn  at  f  and  n.  A  spring  S  is 
attached  to  the  inner  side  of  these  segments,  which  pressing  against 
the  piston,  forces  the  segments  against  the  cylinder  surface  and  so 
forms  a  very  efficient  steam-tight  contact 

The  arrangement  of  the  steam-pipes  may  be  also  seen  from 
fig.  4  (Plate  17).  The  main  steam-pipe  from  the  boiler  is  made  to 
discharge  direct  into  the  space  containing  the  two  expansion-valves 
shewn  immediately  under  the  cylinder.  It  is  claimed  that  if  by 
any  means  water  should  be  carried  along  by  the  steam,  that  it 
would  do  the  cylinder  no  harm,  on  account  of  this  last  mentioned 
space  being  sufficiently  large,  to  take  up  the  water  prior  to  its  enter- 
ing the  cylinder.  The  exhaust-pipe  leading  into  the  atmosphere, 
takes  the  exhaust  steam  from  the  bottom  cylinder- space.  The  cy- 
linder with  its  flat  bottom,  is  carried  on  cast-iron  legs,  to  which  it 
is  firmly  bolted. 

A  cylinder-diameter  of  1'  5"  (432  mm.)  is  made  to  cor- 
respond to  a  piston-stroke  of  3'  10"  (1200  mm.),  with  a  piston-speed 
of  T  10"  (2.4  m.)  per  second.    The  engines,  working  at  5  atmosphere  pressure,  develop  150  IP. 

The  two  steam-pipes  are  5"  (127  mm.)  and  6"  (152  mm.)  in  diameter,  and  their  respective 
areas  are  therefore  in  the  proportion  of  Vns  awd  V^  to  the  cylinder-area.  The  curved  slide-bars 
are  not  turned  to  the  radius  from  the  piston-centre,  but  to  a  far  smaller  radius,  as  the  bore-holes 
in  fig.  2  show. 

The  cross-head  of  the  ordinary  Corliss-type,  is  finished  with  its  pin  —  of  37^"  (80  mm.)  dia- 
meter and  374"  (85  mm.)  length  —  in  one  piece. 

The  crank-pedestal  resting  on  two  legs  is  bolted  to  the  engine  frame,  and  is  made  1'  4" 
(410  mm.)  long  and  8V/'  (210  mm.)  in  bore. 


Fig.  87— JHX 


The  fly-wheel,  16'  (4880  mm.)  and  2'  1%"  (650  mm,)  on  the  face,  ia  simultaneously  used 

for  belt-driving  and  works  a  belt  1'  9%**  (550  mm.)  wide.  f 

In  proof  of  the  superiority  of  the  Wheelock  Automatic  American  Engine,  it  may  be  addeo^ 
that  it  took  the  highest   prize    awarded   to   any   engine   at  the   late   Paris  International  Exhibition, 
and  that  no  less  an  important  engineering  firm,  than  that  of  Messrs.  Daniel  Adamson  &  Co.  of  Dukin- 
field,  have  become  the  sole  makers  of  thin  engine  fur  Great  Britain. 


10.     The  Automatic  Variable  Expansion-gear  of  Messrs.  J.  &  E.  Wood, 

Victoria  Foundry,  Bolton.  f 

Abont  the  same  time,  as  the  Vienna  International  Exhibition  afibrded  a  more  general  insight 
into  many  of  the  approved  and  successful  Corliss-engine  constructiousy  ^Engineering**)  published  an 
account  of  an  automatic  variable  expansion-gear,  founded  on  the  V  Corliss  valve-gear  arrangement 
It  was  attached  to  a  horizontal  Compound-engine^  in  such  a  manner  that  the  Iovf  pressure  cylinder- 
was  fitted  with  an  ordinary  slide-valve.  This  arrangement  was  designed  and  constructed  by  MessrdH 
J.  &  E.  Wood,  Engineers  of  Bolton,  and  on  Plate  VIII,  the  reader  will  find  the  corresponding  auto- 
matic variable  expansion-gear  illustrated. 

We  confine  ourselves  to  this  part  of  the  engine,  as  it  offers  in  other  respects  no  special 
novelty  and  we  also  utilise  the  forementioned  source  in  the  following  description. 

A  general  side  view  of  this  gear  is  shewn  by  fig.  1  (Plate  Vlll),  fig.  2  giving  plan  and  fig. 
end-view  (partly  in  section)  of  the  same  valve-gear.    It  will  be  noticed  in  the  first  place,  on  referring^ 
to  these  several  views,  that  the  valve-gear  is  all  mounted  on  a  cast-iron  frame,  which  is  complete 
in   itself,  and  which  has  only   to  be  bolted   down  to  the  engine  bedplate.     This  arrangement  not 
only  facilitates  erection,  by  enabling  the  valve-gear  to  be  all  put  together  in  the  workshop,  and  then 
transported   in  its  complete  state  to   the  place   where  the   engine  is  to   be  fixed,   but  it  also  tend 
to  insure  general  truth  and  accuracy  in  the  working  of  the  gear. 

It  will  be  seen  from  the  general   view^s  that   a  shaft,   driven   from   the  crankshaft  by  beve 
gear,  gives  motion  by  another  pair  of  bevel  wheels  to  a  short  shaft  mounted  in  bearings  on  the  valve 
gear  frame  ^  this  latter  shaft  carrying  three  eccentrics.     Of  these   eccentrics,   that  in  the  centre  Ag 
gives  motion  to  the  exhaust -valves,  these  being  of  the  Corliss  pattern,  and  situated  on  tlie  under*! 
side    of   the   cylinder.     These  valves  have,  as  in  all  Corliss-engines,   a    constant   motion.     The  twaj 
other  eccentrics  A  A  drive  each  a  steam  admission  valve,  and,  as  will  be  seen  from  the  detjiil  viewa^l 
each  is  connected  by  a  short  rod  with  a  rocking  lever  TT^^  of  which  the   lower   end  works  on  & 
fulcrum  on  the  valve-gear  frame.    At  the  upper  end  each  rocking  lever  is  attached  to  a  driving  bar 
this  bar  having  its  otlier  end  carried  by  a  couple  of  rollers  iViV,  as  shown.    At  the  roller  end  ther 
is  also  fixed  to  the  underside  of  the  driving  bar  a  catchplate  with  three  teeth  ««,  these  teeth  engag 
ing,  when  the  driving  bar  is  drawn  back,  with  corresponding  teeth  oo  on  a  catchplate,  fixed  at  ^^ 
end  of  the  buffer-spindle  P  from  which  motion  is  given  to  the  corresponding  steam-valve.    The  u^rz^ 
of  tlie   multiple  'saw  teeth'  on  the  catches  is  a  special  point   in  Messrs.  Wood's  gear,  and  a  vei^^ 
good  one,  as  by  means  of  it  they  are  enabled  to  get  a  large  amount  of  bearing  surface.    Thus,  i       ^ 
the  valve-gear  of  an  engine  working  up  to  250  HP.  indicated,  they  employed  three  teeth,  each  4 
in  width,  and  they  thus  obtained  a  length  of  Miite'  of  12  in. 

The  action  of  the  gear,  which  will  be  readily  understood,  is  as  follows:  As  eaeh  driving 
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18  pushed  towards  the  cylinder  by  the  action  of  the  eccentric^  its  catches,  which  daring  that  portion 
of  the  moYement  are  in  gear  with  those  oo  on  the  buffer-rod  P,  give  motion  to  the  latter,  and  the 
corresponding  steam  yalve  is  thus  opened.  At  a  certain  point  in  the  stroke  —  determined,  as  we 
shall  explain  presently,  by  the  action  of  the  governor  —  the  rollers  NN,  which  we  have  mentioned 
as  carrying  one  end  of  the  driving  bar,  mount  two  short  inclined  planes  rr,  and  by  so  doing  raise 
the  driving  bar  e,  and  bring  its  catches  nn^  out  of  gear  with  those  on  the  buffer-rod  P.  As  soon 
as  this  disengagement  takes  place,  the  spring  8  draws  back  the  buffer-spindle  P,  and  thus  closes 
the  steam- valve,  and  cuts  off  the  steam,  the  *  cut-off  stroke'  of  the  valves,  as  we  may  term  it,  being 
checked  by  the  compression  of  the  air  in  the  air-cylinders  or  dashpots  oo,  as  in  the  ordinary  Corliss- 
gear.  On  the  driving  bar  e  making  its  return  stroke  under  the  action  of  the  eccentrics,  the  roUers 
descend  the  inclines,  the  teeth  re-engage  those  on  the  buffer-spindle,  and  the  whole  operation  is  re- 
peated. The  action  of  the  gear  driving  the  other  steam -valve  is  of  course  precisely  similar.  The 
springs  8  by  which  the  return  stroke  of  the  buffer-spindles  is  effected  are,  we  may  mention,  made 
of  shear  steel  untempered,  so  that  if  necessary  they  might  be  renewed  by  any  village  black- 
smith, and  they  are  bent  to  such  a  form  that  their  top -point  moves  as  nearly  as  possible  in  a 
straight  line. 

It  is  obvious  that  in  the  arrangement  we  have  described  the  point  of  disengagement  of 
the  teeth  of  the  driving  bar,  and  consequently  the  point  of  cut-off,  is  determined  by  the  position  of 
the  short  inclined  planes  which  the  rollers  supporting  the  bar  are  caused  to  mount,  and  this  position 
of  the  incline  is  adjusted  by  the  governor  in  the  following  manner.  Referring  to  the  detail  views, 
it  will  be  seen  that  the  inclined  planes  are  fixed  upon  small  brass  carriages,  which  move  in 
suitable  guides,  and  which  are  connected  by  short  links  to  the  lower  end  of  levers  R.  This  lever 
is  fixed  on  a  spindle  also  carrying  another  lever,  the  latter  being  coupled  to  the  rod  M  leading 
to  the  governor.  It  will  readily  be  understood  that,  as  the  governor  balls  rise,  the  carriages,  with 
the  inclined  planes,  is  advanced  towards  the  driving  bar  e,  and  thus  an  earlier  disengagement  of  the 
teeth,  and  consequently  an  earlier  cut-off,  is  obtained. 

We  have  already  pointed  out  the  advantage  gained  by  employing  a  separate  eccentric  to 
drive  the  steam- valves  of  Corliss-engines,  and  explained  how  it  enabled  the  range  of  expansion  to  be 
increased.  Another  advantage  attendant  upon  this  mode  of  driving  the  steam- valves,  is  that  the 
valves  may  be  opened  as  gradually  as  may  be  desired,  thus  avoiding  the  sudden  shock  which  occurs 
with  many  engines  fitted  with  Corliss-gear.  Messrs.  Wood's  arrangement  possesses  these  advantages 
equally  and  in  the  arrangement  we  are  now  describing  the  eccentrics  for  the  steam -valves  are  set 
so  that  they  almost  coincide  with  the  main  crank,  their  lead  being  only  sufficient  to  work  off  the 
slight  cover  lap  given  to  the  steam-valves,  thus  causing  the  latter  to  be  just  opening  when  the  main 
crank  is  passing  the  centre.  The  eccentrics  thus  give,  comparatively  speaking,  a  moderately  slow 
opening  to  the  steam-valves;  but  even  with  this  arrangement  it  is  found  desirable,  in  order  to  avoid 
shocks  when  using  steam  of  high  pressure,  to  slightly  hollow  the  edges  of  the  steam-valves,  and 
thus  obtain  a  more  gradual  admission.  As  the  eccentrics,  as  set  by  Messrs.  Wood,  have  a  slight 
lead  on  the  crank,  they  of  course  cause  the  area  of  opening  of  the  steam-port,  due  to  the  movement 
of  the  valve,  to  increase  more  rapidly  than  the  speed  of  the  piston,  and  thus  there  is  practically 
no  throttling. 

We  have  now  to  describe  the  provision  made  by  Messrs.  Wood  for  stopping  the  engine  in 
the  event  of  anything  going  wrong  with  the  driving  gear  of  the  governor.  Referring  to  fig.  1,  it 
will  be  seen  that  each  disengaging  plate,  besides  having  the  two  short  inclines  —  which  are  mounted 
by  the  rollers  of  the  corresponding  driving  bar  each  time  the  cut-off  of  the  steam  is  effected  — ,  is  also 
provided  with  a  supplementary  incline  facing  in  the  opposite  direction.  When  the  engine  is  working 
in  its  normal  condition  the  action  of  the  governor  keeps  the  supplementary  incline  clear  of  the  rollers; 
but  if  the  driving  gear  of  the  governor  fails,  the  balls  fall  to  their  lowest  position,  and  the  lever. 
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ing  ihenpa^^ef]  to  Uie  extremity  of  iU  range  towards  the  cylinder,  the  auxiliary  inelme  just  mi 
iiDued  in  brought  under  the  rollers  of  the  driring  bar  and  the  teetli  nn  on  the  latter  are  thus  pre- 
vented from  falling  into  gear  with  thoiie  on  the  buffer -spindle  P.  Under  these  circumstanceSi  the 
uiamu-yulvGfi  ar*"  of  course  not  opened,  and  the  engine  stops.  The  same  action  also  takes  place  in 
the  event  of  the  rod  3/,  which  forms  the  connexion  with  the  governor,  being  broken.  In  this  case 
the  lever  R  is  pushed  to  the  extremity  of  its  range  towards  the  cylinder  by  the  action  of  a  weight 
attached  by  a  rod  to  a  lever. 

It  is  evident,  however,  that  the  arrangement  we  have  just  described  would  not  only  stop 
the  engine  in  the  event  of  the  governor  gear  breaking  down;  but  would  also,  if  no  provision  were 
made  to  the  contrary,  come  into  play  each  time  the  engine  was  stopped,  and  would  thus  interfere 
with  the  readiness  of  starting  it  again.  To  avoid  this  inconvenience  there  is  fixed  on  the  spindle 
actuated  by  the  governor  a  square- ended  lever  (not  shewn  in  fig,  1),  and  there  is  also  provided  a 
cakh  I,  wbich  18  shown  out  of  gear  in  the  engraving.  When  it  is  desired  to  stop  the  engine  this 
catch  is  thrown  forward  before  steam  is  shut  off,  and  thus,  as  the  engine  slackens  speed,  the  square  fl 
ended  lever  takes  a  bearing  against  the  end  of  this  catch,  and  the  governor  balls  being  thus  pre-  ^ 
vented  from  falling  to  their  lowest  position,  the  auxiliary  incline  on  the  disengaging  plates,  to  which 
we  have  referred,  is  prevented  from  being  brought  under  the  rollers  of  the  driving  bars.  The  various 
parts  of  the  gear,  we  may  add,  are  so  arranged  as  to  prevent  the  teeth  of  the  driving  bar  catch- 
plate  from  falling  into  gear  with  the  wrong  teeth  of  the  catch-plates  on  the  buffer- spindles 
luuh/r  any  possible  circumstances.  Altogether,  the  whole  of  the  details  of  the  gear  are  capitally 
worked  out. 

Act^ording  to  'Engineering*  a  set  of  indicator  diagrams  were  taken  from  an  engine  exactly 
similar  to  that  we  have  been  describing,  and  which  was  constructed  by  Messrs.  J,  k  E,  Wood  for  Messrs, 
F.  W.  Booth  &  Co.,  of  Leigh,  near  Manchester.  When  the  diagrams  were  taken  this  engine  had 
been  running  for  twenty-six  we*^ks,  giving  an  average  of  406  indicated  horse  power,  with  an  average 
consumption  of  29  tons  of  coal  per  week,  this  corresponding  to  2.07  lb.  per  horse -power  per  hour. 
The  29  tons,  we  should  stati*,  inchided  all  coal  used  for  raising  steam  for  heating  the  mill  and 
offices.  The  diagrams  were  taken  with  the  engine  rumiing  at  42  revolutions  per  minute,  corresponding 
to  a  piston  speed  of  420  ft.  per  minute.  The  boiler  pressure  was  77  lb.  per  square  inch,  and  the 
action  of  the  valve-gear,  was  excellent. 

Th(*  diagrams,  were  taken  from  the  back  and  front  of  the  high-pressure  cylinder  respectively,  i 
and  the  former  showed  a  mean  effective  pressure  of  32 J8  IIk^  and  ihe  latter  of  33.75  lb.  per  square 
inch.     The    mean   effective    pressure   exerted   in    the  high-pressure  cylinder  was  thus  32.87  lb.,   thisj 
corresponding  to  aji  in<licatcd  power  of  239.4  It*,  developed  in  that  cylinder.     Of  the  other  pair  of 
diagrams,   also   taken   from  the    back   and    front  of  the    low-pressure  cylinder,  the  average  effective 
pressures  was   in   the  two    cases    9.77  lb.    and    9.85  lb.   respectively,    or  a  mean  in  that  cylinder  of  | 
9.81   lb.  per  square  inch.     The  power  developed  in  that  cylinder  is  thus   172.9  horse-power,  making 
the    total    power   412.1    horse -power   indicated.      In    the    diagram,    taken    from    the    back    of    thi 
high  pressure  cylinder,  the  initial  pressure   shown   was   71  lb.,    and  in  the  diagram,  taken  from  tin 
front  74  lbs,  per  square  inch;    it    will    be  noticed,    that   the   loss  of  pressure  betiveen  the  two  cj 
linders  was  exceedingly  sniall.     Tlie  vacuum  was  also  well  maintained,  since  the  diagram   from  tbi 
front   end    of  the  low  pressure  cylinder  shewed  an  almost  constant  vacuum   of   12  lbs.   per  sqaas 
inch  during  the  exhaust  stroke,  while  in  the  back-end  diagram  the  result  was  nearly,  but  not  qui^ 
so  good. 

The  working  poaittonfi  of  the  valves  is  shown  in   fig,  4  (Plate  VUI)  the  points  a  rf  and 
corresponding  to  the  crank,   being   on  the  left  dead -centre.     The   positions    in    which    the    indite* 
planeii  rr  must  be   under  the   control  of  the  governor,    in  order  to  eflVet  disengagement  at  tertx»-ii> 
•Iroke- periods,  is  graphically  explained  by  our  fig.  h  (Plate  VIII). 
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An  improvement  on  the  valve-gear  which  we  have  just  illustrated  has  been  lately  made  by 
Meesrs.  J.  ft  £.  Wood^  displajring  great  originality ,  and  which  up  to  the  time  of  writing  has  not 
been  previonsly  published.  We  are  indebted  to  the  makers  for  the  working-drawings  of  the  improved 
arrangement  represented  on  our  Plate  18. 

As  in  the  Wheelock  engine,  which  may  possibly  have  served  as  a  model ,  so  also  in  this 
arrangement,  the  underside  of  the  cylinder  is  only  furnished  with  one  steam-passage  for  the  cylinder 
supply  and  discharge.  The  steam  is  conducted  through  the  middle  pipe  under  the  cylinder,  whilst 
the  exhaust  takes  place  through  the  feet  of  the  cylinder.  In  order  to  facilitate  the  method  of 
disengagement,  the  latter  is  shown  enlarged  in  fig.  4  of  the  Plate. 

The  steam  or  inlet  valves  ai  GG  are  of  the  ordinary  Corliss-type,  the  spindles  of  which 
pass  through  stuffing  boxes  in  the  brackets  or  bearings  shewn  in  our  illustrations.  To  each  of 
the  spindles  is  attached  a  lever  LL  which  is  connected  at  the  opposite  ends  to  the  buffer  cylinder  00 
(eontaining  the  spiral  spring  S  for  closing  the  valve)  and  to  the  sliding  catch  block  N  which  contains 
the  steel  tooth  plates  oo  and  the  trigger  block  rr.  The  driving  rod  E  which  receives  its  back  and 
forward  motion  from  the  eccentric  acts  alternately  on  each  of  the  catch  blocks  NN,  The  drawing 
shows  the  driving  rod  E  at  the  end  of  its  stroke  in  gear  with  the  block  N  in  connection  with  the 
valve  at  the  back  end  of  the  cylinder.  On  the  rod  E  being  pulled  forward  the  valve  begins  to  open 
at  the  same  time  compressing  the  spiral  spring  in  the  buffer  cylinder  0.  When  the  catch  block  N 
iM  pulled  so  far  forward  that  the  trigger  block  r  comes  in  contact  at  the  bottom,  with  the  wedge 
piece  Kf  the  trigger  block  begins  to  rise,  lifting  with  it  the  driving  rod  E  which  rests  upon  it, 
thus  freeing  the  tooth  plates  oo  in  the  sliding  catch  block,  and  nn  in  the  driving  rod  E  and 
allowing  the  spring  in  the  buffer  cylinder  to  close  the  valve  and  cut  off  the  steam. 

The  same  action  takes  place  for  the  front  valves  of  the  cylinder  at  the  return  stroke  of 
the  rod  E.  The  wedge  piece  K  is  held  in  position  upon  the  swivel  cranks  kk  which  are  connected 
to  the  governor  through  the  levers  RR  and  rods  MM* 

When  the  governor  rises  the  same  motion  is  transmitted  to  the  wedge  piece  K  thus  causing 
tbe  steam  to  be  cut  off  earlier.  On  the  governor  falling  the  steam  is  cut  off  later.  The  variation 
of  the  cut-off  thus  given  being  from  0  to  ^i^  of  the  stroke. 

The  exhaust  or  outlet  valves  at  HH  have  on  the  spindles,  levers  L^L^  which  are  connected 
direct  through  the  rods,  E^  E^  to  an  eccentric  which  gives  them  positive  forward  and  backward  motion. 

Only  one  port  is  used  at  each  end  of  the  cylinder  to  admit  and  discharge  the  steam. 

The  constructive  arrangement  of  the  cylinder  and  of  the  valve-gear  as  well  as  the  position 
of  the  governor  are  fully  shewn  in  figs.  1 — 3  (Plate  18).  JH  is  the  handle  of  the  injection  valve, 
DV  is  that  of  the  steam-valve,  and  the  handle  of  the  blow-off  valve  is  shewn  at  B  V. 

In  fig.  5,  the  positions  of  the  valve-gear  are  graphically  represented  on  an  enlarged  scale. 
According  to  the  tracing  supplied  to  us  by  the  makers,  the  governor  is  represented  in  middle  po- 
sition, whereas  the  wedge  piece  K  along  with  the  swivel  cranks  kk  are  shewn  in  their  highest  po- 
sition. If  this  high  position  of  the  wedge  piece  K  is  assumed  as  its  middle  position,  we  should 
obtain  the  unsymmetrical  declination  shewn  in  fig.  6  a,  which  may  well  be  expected,  not  to  take 
place.  For  this  reason,  we  hold  tbe  symmetrical  declination  represented  in  our  fig.  6  &,  to  be 
more  correct. 

The  travel  of  the  disengagement  mechanism,  in  relation  to  the  piston -travel,  is  graphically 
explained  by  our  fig.  7. 

Objection  may  perhaps  be  taken  at  the  application  of  oscillating  dash-pots,  on  account  of 
the  wear  and  tear  on  their  centre,  eventually  causing  a  noisy  motion;  if  care  and  good  judgment 
be  however  excercised  in  the  constructive  portion,  we  may  presume  that  no  such  detriment  will 
present  itself  for  years.  In  other  respects,  the  present  arrangement  with  its  original  combinations 
of  various  ideas  may  be  deemed  one  of  the  most  perfect  solutions  of  the  problem,  how  to  construct 
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a    rational    automatic    variable    expansion-gear!     This    the    more    bo    since   the    more   compendious 
arrangement  of  the   whole   valve-gear  to  the  umlersitle  of  the  cylinder,   aa  compared  with  the  deci-^ 
dedly  more  complicated  Corliss-type,  has  many  more  pointa  in  its  favor. 


11.    The  Automatic  Variable  Exjpansion-gear  of  Messrs.  Marky  &  Schulz, 

Great  interest  was  manifested,  at  the  Vienna  Exhibition,  in  a  then  newly  patented  Oorliss 
valve-gear  by  Marky  &  Schulz,  which  was  attached  to  a  Corliss-engine,  exhibited  by  the  Carolinen- 
thaler  Masch i n eubau- Acti engesel Isch aft. 

The  general  arrangement  shewed  similarity  to  the  V  Corliss-valve-gear,  though  its  method, 
of  disengagement  was  as  original »  as  it  was  ingenious.  In  our  fig.  1  Plate  IX  we  give  a  view^ 
partly  in  section,  whilst  fig,  2  gives  us  this  valve-gear  in  plan. 

The  wrist-plate  A  is  placed  at  the  side  of  the  cylinder,  and  motion  is  transmitted  in  the 
usual  manner  on  to  the  exhaust-valves  by  the  motion-rod  E^F^^.  The  rods  EE  work  the  inlet- 
valves,  and  in  this  construction  they  are  made  longer,  than  we  saw  adopted  in  the  V  Corliss-valve- 
gear;  they  work  against  the  arms  of  two  hollow  dash-pots  Oj  in  which  the  buffer*rods  p  are  placed. 
A  strong  spiral  spring  is  attached  to  the  outer  end  of  the  latter,  wlxich  so  causes  tlie  rod  p  and 
buffer-piston  0  to  be  constantly  pulled  to  the  left.  The  middle  portion  of  the  rod  p  is  made  square 
and  furnished  with  a  ateel  plate  o  behind  which,  as  fig.  1  shows,  a  vertical  sliding  bolt  n  assisted 
by  a  spring  is  inserted  in  the  dash-pot  O^.  If  therefore  the  rod  E  moves  towards  the  cylinder,  this 
motion  becomes  imparted  to  the  dash-pot  Oj,  as  well  as  to  the  piston-rod  p  and  buffer-piston  0. 
The  forementioned  bolt  n  holds  the  rod  in  fork-fashion,  and  it  carries  a  pin  outside  the  dash-pot  Oj 
working  loose  in  a  long  groove  of  a  small  link  e.  The  latter  is  suspended  from  a  slide-block  r, 
moving  horizontally  under  the  control  of  the  governor. 

The  action  of  this  mechanism  is  as  follows:  As  soon  as  with  the  horizontal  position  of 
the  rod,  the  bolt  n  has  geared  into  the  catch  o  and  the  dash-pot  0^  begins  to  move  towards  the 
cylinder,  the  inclined  position  of  the  link  e  will  cause  the  pin  to  ascend  in  the  groove  of  this  link- 
this  vrill  continue  till  the  link  has  almost  become  perpendicular  and  the  groove-end  prevents  the 
pin  from  rising  any  further.  At  this  moment,  the  pin  is  pressed  downwards,  whereas  the  daah- 
pot  Oi  continues  its  travel,  and  consequently  the  bolt*edge  n  becomes  liberated  from  the  catch  o, 
thus  allowing  the  spring  of  the  dash-pot  to  come  into  action  and  close  the  inlet- valve  in  the  usual 
manner.  It  is  evident,  that  the  more  the  link  c  approaches  perpendicularity  at  the  beginning 
of  the  link-travel  e,  or  the  more  the  slide-block  r  is  placed  to  the  left,  the  earlier  will  the  *  cut-off' 
take  place.  The  spring  *S'  becomes  compressed  with  the  return-stroke  of  the  dash-pot  O,.  Our 
sketch  shows  the  front  dash-pot  Oj  and  the  buffer-piston  in  their  extreme  position,  towards  the  steam* 
cylinder,  though  as  the  governor  balls  are  in  their  lowest  position,  automatic  cut-off  has  not  taken 
place,  or  in  other  words,  steam  is  being  admitted  up  to  nearly  full  stroke. 

An  advantage  in  the  present  disengagement  method,  is  that  the  shocks,  which  always  ensue 
at  disengaging  periods,  are  not  transferred  to  the  governor,  but  that  they  are  confined  to  the 
slide  block  r. 

We  are  given  to  understand,  that  the  practical  working  of  this  mechanism  is  excellent^  and  it 
has  also  been  much  praised  in  several  engineering  circles.  Noteworthy  is  the  great  accessibility  t4> 
all  the  working  parts,  demanding  no  great  mechanical  skill  to  attend  to.  The  working  in  and  out 
of  gear  of  the  disengagement  mechanism  is  always  sure  and  certain  to  take  place  at  tlie  proper  timt. 

According  to  the  size  of  the  lead-angle  and  the  use  of  only  one  eccentric  the  range  of 
expansion  is  small,  automatic  cut-off  not  exceeding  %  stroke. 
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In  the  engine  exhibited,  the  cylinder  was  1'  47^"  (421  mm,)  bore,  and  rwnning  at  102  strokes 
of  3'  2**  (948  mm.)  per  min.  the  piston-speed  was  6'  3"  (1.6  m.)  per  .second.  The  engine  worked 
^jion-coiidensing  at  75  lbs.  The  cylinder  with  its  valve-boxes  and  legs  was  cast  in  one  piece,  and 
was  not  steam-jacketed.  The  piston  worked  through  both  cylinder-covera,  and  its  end  was  carried 
on  a  table.  The  crank-pedestal  was  cast  with  the  engine-frame,  but  without  means  of  adjustment, 
and  the  fly-wheel  47  Vk,  tons  (4800  kg.)  in  weight  served  as  strap-pulley. 


l2.     The  automatic  variable  Expansion-gear  of  the  Maschineiifabrik 

Criminitschau, 

a.  Pitted  with  the  Steiner  Vah  e-gear. 

The  Steiner  valve-gear,  has  probably  been  largely  introduced  into  Germany,  by  the  Steam- 
engine- works  Crimmitschau  (Saxony)*  According  to  information  received  irom  this  engineering  firm, 
they  have  fitted  the  Steiner  gear  since  1872  to  150  Steam-engines  varying  in  sizes  from  15  up  to 
300  horse-powers.     Of  these  machines;  29  were  Condenaing-engines  of  a  minimum  power  of  25  FP. 

Following  Messrs.  Marky  &  Schulz'  example,  Steiner  has  similarly  discarded  the  rocking-levers 
and  disengagement-tackle  of  the  fifth  Corliss-gear.  In  its  place,  he  has  adopted  a  parallel  horizontal 
arrangement  of  the  dash-pots,  which  in  Corliss'  gear  were  placed  ut  right  angles  to  each  other. 
By  way  of  further  contrast,  the  springs  effecting  the  shutting-off  of  the  valves  were  arranged  verti- 
cally by  Corliss,  whereas  Steiner  places  them  horizontally. 

This  valve-gear  may  be  explained  from  the  annexed  woodcut  fig.  91.  The  exhaust  valves 
HH  are  worked  as  usual  Irom  the  rods  E^E^  attached  to  the  front  and  back  sides  of  an  oscillating 
wrifit- plate  A  placed  sideways  in  front  of  the  8team*cylinder,  The  rods  e^e^  each  give  motion  to  a 
slide  T  furnished  with  a  vertical  movable  bolt  nn^  on  its  side  nearest  the  cylinder.  As  our  figure 
showS;  the  upper  edge  of  this  bolt  *»,  fits  behind  the  steel  catch-plate  o  of  the  bnfifer-rod  P^  and 
consequently    compels  the  latter  to  move  with  the  slide  T  in  the  direction  indicated   by  the  arrow 
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le  inlet  valve  G  is  opened  by  this  motion,  the  gwing-centre  of  the  lever  R  similarly  taking  par 
iu  the  luovemeiit  of  the  slide,  whilst  its  lower  eye  is  kept  fast  under  governor- controL     The  lever-  ^ 
arm  R  thus  approaches   perpendicularity,  and  a  moment  occurs   when  its  shorter  arm  r  forces  thel^ 
bolt   nn^  down,    and   disengages  the    same    from   the  steel  catch -plate  o.     The  springs  S  fastened 
on  the  back  of  the  slide  T,  compressed  by  the  previous  stroke,  now  come  into  action   and  shut  off 
the  inlet-valve,  by  the  somewhat  complicated  intermediate  link-mechanism  ttj  p  and  P, 

The  lever  Rr  receives  two  motions:    one  from  the  slide  T,  the  other  from  the  rise  or  fall 
of  the  governor-balls.     This   action  is   explained   by   our   figure   92,   demonstrating  as   it  does  the 

_j position  of  the  eye  of  the  lever  R  in  order  to  effect 

automatic  cut-off  at  the  inscribed  degrees   of  expan- 
sion or  stroke^portions. 

The  reader  will  find,   the  Steiner-vulve  gea 
fitted  to  an  engine  of  1'  2%"  (375  mm.)  cylinder-dig 
meter  and  of  2'  5%"  (750  mm.)  stroke  on  Plate  19 j 
of  the  Atlas* 

The  piston  working  with  75  lbs.  steam-pres-" 

sure    at    an    average    speed   of  4'  6"   (1.37  m.)    per 

sec.  runs  the  crank  at  55  revolutions  per  min.     The 

flywheel  11'  4%"  (3500  mm.)  diam.  and  IV'  (230  mm.) 

on  the  face,   is  mounted  on  a  crank-shaft  0^/^"  (175 

mm.)  in  diam.  and  the  engine  power  ia  transmitted  from  a  belt-puUey  6V|'JH 

(2  m.)  in  diam.  and   11%''  (300  mm.)  wide  on  the  face,  mounted  at  the 

side  of  the  fly-wheel. 

The  general  arrangement  of  the  valves,  steam-pipes  and  cylinder- 
legs,  may  be  inferred  from  fig.  3  giving  a  longitudinal- section  of  the  cj 
linder*     A  very   hard  iron-composition,  is  used   in   the   casting  of  the  cy-J 
linder,  valves,  and  piston-rings,  with  a  view  of  diminishing  wear  and  tear. ' 
The  steam  in-  and  outlet  pipes  are    each  4%*'  (110  mm.)  and  by^*'  (150 
nun.)   in    diameter,    and    their  cross-areas   are    thus   in   the  ratios    of  Vju 
and  Vrsf    ^^  *'h^*  t>f  the   cylinder.      The   engine  frame    ia   made   tu   uverlup 
the  cylinder-cover,  and  is  bolted  with  it  to  the  cylinder. 

The    rise    and   fall    of  the  collar   of  the  Watt's   governor   is   IVik"* 
J     (37  mm.).     The  working  of  the  valve-gear,  is  graphically  shown  in  fig,  5 
connection  with  the  crank-travel  and  lead-angle  (10^).     The  inscribed  arrov 
are  drawn  to  correspond  with  each  other  or  with  that  of  the  crank-motiol 
The  slide  T,  as   well  as  the  bolt  and  governor-rods,  are   drawn 
an  enlarged  scale  on  fig.  6.    The  dotted  lines  refer  to  the  highest  position  of  the  governor-rods,  thoui 
the  dotted  lines,  referring  to  the  springs,  show  them  in  their  unstrung  position* 

k   Fitted  with  Louis  Ueuzj^iUs  valve-gear. 

The  Crimmitschau  Steam-engine  works  abandoned  the  Steiner  valve-gear  towards  the  end 
1^77,  on  account  of  the  many  bolts,  levers  and  hinges,  presenting  a  rather  complicated  arrangem^^^^ 
Again,  practice  unfortunately  proved,  that  in  spite  of  six  springs  being  used  to  each  slide,  tl^^J 
oft«n  brok^y  $q  causing  iu  many  mills  unpleasant  break-downs  of  protracted  duration,  as  these  sprii^i?^ 
were  not  easily  obtainable.  For  this  reason,  the  firm  substituted  the  patented  valve-gear  of  fclm^i^ 
Manager  (M,  Luids  Renzsch)  as  an  improvement  on  the  Steiner  gear. 

A  sketch  of  Itens&sch's  valve-gear,  as  fitted  to  an  engine,  is  drawn  on  our  Plate  X,  fig.  2- 
referring  to  different  positions  of  the  valve-gear. 
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Hie  wrist-plate  A  with  its  foar  motion-rods,  and  the  dash-pot  frame  have  not  been  deranged, 
though  the  slides  TT^  are  somewhat  modified.  Each  of  the  latter,  is  made  to  carry  a  cylinder 
reeeiTing  a  spiral  spring  S  and  a  buffer-piston  P,  which  spring  exercises  a  constant  tendency 
to  pull  the  piston  P  away  from  the  cylinder.  The  connection  of  this  piston,  with  the  inlet-valves 
is  effected  in  the  usual  manner. 

Similar  to  the  Steiner  and  Marky  &  Schulz  valve-gears,  the  buffer-piston  P  is  furnished  with 
a  steel  catch-plate  o,  behind  which  a  vertical  sliding  bolt  n  grips  —  vide  fig.  2  —  owing  to  the 
aetion  of  the  small  spring  8,  The  oscillation  of  the  wrist-plate  A  in  the  direction  of  the  inscribed 
arrow,  imparts  motion  to  the  slide  T,  which  movement  is  transferred  to  the  rod  P  effecting  the 
opening  of  the  inlet-valve. 

The  bolt  n  has  a  slot  through  it,  into  which  the  wedge-shaped  rod  r  (leading  from  the 
governor)  enters.  This  rod  r  presses  the  bolt  n  down,  at  the  given  position  at  which  the  cut-off  is 
to  take  place,  by  overcoming  the  pressure  of  the  small  spring  $.  Contact  between  the  slide  T 
and  the  piston  P  being  thus  broken,  the  action  of  the  spiral  spring  closes  the  inlet  valve,  the 
resulting  shock  being  air-cushioned. 

The  second  slide  2\  is  shewn  in  fig.  3  in  its  extreme  position;  disengagemeut  has  taken 
place,  the  catch-plate  o  has  passed  over  the  bolt  n  leaving  the  spring  S  unstrung.  As  soon  as  the 
wrist-plate  has  attained  its  central  position,  as  represented  in  fig.  4,  the  catch-plate  o  is  still  high 
over  the  bolt  n,  and  the  spring  S  is  partly  strung,  though  it  is  not  fully  tensioned  until  the  return- 
stroke  of  the  wrist-plate,  affcer  the  bolt  has  again  caught  against  the  catch-plate  end. 

In  comparing  these  two  last  named  valve-gears,  of  the  same  firm,  we  may  call  particular 
attention  to  the  greater  simplicity  of  the  second  type,  which  being  equally  certain  in  its  action, 
dispenses  with  the  noise  of  external  springs,  by  enclosing  these  in  a  casing. 


13.    The  automatic  variable  Exx)aiision-gear  of  Karl  Kliebisch. 

A  very  peculiar  valve-gear  arrangement,  totally  differing  from  all  the  preceeding  arran- 
gements, is  the  valve-gear  patented  by  Karl  Kliebisch  and  adopted  by  the  Sangerhauser  Actien- 
M aschinenfabrik  und  Eisengiesserei  —  formerly  belonging  to  Messrs.  Hornung  &  Rabe  of  Sangerhausen. 

According  to  the  lead-angle  of  the  inlet -valves,  steam  may  be  advantageously  used  ex- 
pansively up  to  %  stroke. 

The  annexed  figure  93  shows,  that  the  valve-gear  is  worked  from  a  horizontal  transverse 
ahaft^  placed  in  front  of,  and  in  centre-line  with,  the  cylinder.  An  eccentric  A^  is  keyed  on  this 
ahafty  which  by  rods  E^  and  lever  JF\  works  the  exhaust-valve  H,  Owing  to  this  arrangement,  the 
movement  of  the  exhaust- valve,  is  consequently  symmetrical  on  each  side  of  its  middle  position;  — 
a  similar  travel  of  the  exhaust-valves,  as  will  be  here  observed  was  met  with  in  Messrs.  J.  &  E. 
Wood's  engines. 

To  the  back  of  the  forementioned  eccentric,  two  other  eccentrics  of  smaller  throw  are  fitted 
on  the  same  shaft;  these  work  the  inlet-valves  by  means  of  a  suitable  trip-gear.  Our  fig.  93  shows 
only  the  one  of  these  eccentrics  A  which  gives  motion  to  the  front  inlet-valve-6r. 

The  whole  valve-gear  including  the  motion-shaft,  the  dash-pot  0,  and  the  swing-centre  of 
the  levers  B  and  K  are  carried  on  a  frame  of  peculiar  form,  bolted  to  the  engine-frame.  The 
lever  K  is  symmetrically  worked  from  the  eccentric  A.  A  bracket  NN,  sits  on  the  boss  of  the 
lever  iT,  with  sufficient  play  for  its  small  vertical  motion,  on  its  centre-slot.  At  its  lower  end, 
this  bracket  is  fitted  with  a  trigger  n  which  by  the  action  of  a  spring  S  let  into  the  bracket,  is 
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the  square  portion  of  the  buffer- 
rod  o]  provision  is  made  to 
prevent  the  trigger  n  from 
ever  falling  too  low,  hy  a 
knuckle  joint  round  the  end 
of  the  bracket  ^1 

In  our  fig.  93,  we  re-  ^ 
present  the  eccentric  as  having 
already  performed  a  portion  of 
its  stroke,  and  consequently  the 
buffer-rod  has  been  pushed  in 
the    direction    shewn    by   the 

arrow.    A  spring  placed  inside 

the  dash-pot  o  has  a  contrary 
tendency,  always  seeking  to 
close  the  valve. 

A  small  link    c   connects 
the  valve  spindle  lever  L  with 

the  dash-pot  piston,    and  the 

problem  now  resolves  itself  ini 
effecting  tlie  disengagement  of -^ 
the  trip  gear,  by  the  automatic  action  of  the  gover- 
nor.    For  this  purpose,  the  bracket  NN  has  a  cir- 
cular slot  at   its  top  end,    into    which    a    steel    pin 
works.     This   pin    fits   on   a  lever  r   worked    direct 
from  the  governor  through  the  rod  M  and  the  lever  j 
IL    The  weight   of  the  moving  parts   is  counterba- 
lanced   by    a    weight    suspended    from    the   lever  ii 
Automatic  disengagement   of   the   trip-gear  must  in 
all  cases  take  place  towards  the  end  of  the  stroke 
of  the  eccentric,  as  we  will  prove  later  on. 

On  disengagement  ensuing,  the  dash*pot  piston 
is  thrust  back  by  the  action  of  the  spiral  spring, 
and  while  the  dash-pot,  deadens  the  shock,  the  inlet 
valve  becomes  closed.  The  position  of  the  trip- gear 
towards  each  other  aft«r  disengagement,  is  represent- 
ed by  fig*  94, 

According  to  the  position  of  the  governor-eolU 
the  bracket  iS^  is  raised  more  or  less  by  the  lev^K* 
r^  thus  simultaneously  shortening  or  lengthenLEx^ 
the  oscillation  of  the  lower  part  of  the  bracket  It 
is  therefore  obvious,  that  the  .trigger  n  will  be  'tlie 
sooner  relieved  from  the  dash-pot  piston  o,  the  sdcb.^1' 
ler  the  radius  of  its  oscillation  becomes.  This  fcact 
is  moreover  confirmed  by  our  fig.  95^  representixEg 
as  it  does  the  position  of  the  trip-gear,  for  cert*^*"^ 
piston-stroke  portions.    We  perceive,  that  th©  tr»^* 
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of  the  trigger  n  becomes  gradually  smaller,  on  account  of  the  crank-motion  of  the  eccentric.  This 
is  clearly  confirmed  by  our  fig.  95,  and  we  may  therefore  conclude  that  automatic  disengagement 
is  feur  more  exact,  with  early,  than  with  late  cut-offs. 

We  hare  already  observed,  that  steam  must  neyer  be  admitted  up  to  full  stroke  with  this 
▼alTe-gear;  the  diagram  of  the  inlet-yalve,  as  represented  by  fig.  96,  will  readily  explain  the  reason 
why.  According  as  the  lead-angle  is 
chosen,  the  point  g  may  fall  on  any 
point  of  the  line  AB  —  that  is  to 
say  the  limit  of  automatic  variable 
expansion  may  lie  between  0.0  and 
foil  stroke  when  one  separate  eccen- 
tric is  used  for  the  inlet-yalyes.  If 
only  one  eccentric  is  used  for  all  the 
▼alyes,  then  the  point  g  must  lie  be- 
fore the  completion  of  half  the  stroke,  0^2 
in  order  that  the  condition  attending  q  3 
a  uniform  working  of  the  two  exhaust-  q  ^ 
Talres  may  be  fulfilled.  But  if  the 
motion  of  the  inlet  and  exhaust- 
valves  is  effected  by  different  gear- 
tackle,  then  the  position  of  the  point 
g  on  the  line  AB  becomes  optional. 
If,  however,  as  in  the  example  before  0,9 
us,  the  lead  has  been  fixed  in  order  1.0 
that  the  valve  may  receive  an  accele- 
rated motion  at  the  stroke-commence- 
ment, then  the  limit  of  expansion  or 
the  position  of  the  point  g  is  thereby 
also  determined.  The  nearer  the  point 
g  approaches  B,  the  later  is  steam 
shut-off,  in  case  disengagement  does 
not  take  place.  In  the  engine  before 
OS,  this  will  only  happen  at  %  (vide 
fig.  96)  when  the  piston  has  travelled 
Vs  of  its  return  stroke.  Consequently, 
fresh  steam  would  be  supplied  up  till 
then,  and  in  order  to  prevent  this,  care 
must  be  taken  to  effect  automatic  disengagement  at  the  latest  at  g,  if  not  before.  For  this  reason, 
the  line  referring  to  the  travel  of  the  valve-edges  is  shewn  dotted  in  our  diagram  from  g  to  2,  since, 
such  a  travel  may  never  take  place. 

It  is  of  course  evident,  that  it  would  be  improper  to  speak  here  of  the  lead-angle  of  the 
inlet-eccentric,  in  the  sense  put  forward  by  Zeuner,  in  his  valve-diagrams.  The  inlet-eccentric  receives 
an  oscillation  of  65®  from  its  stroke-direction  when  the  piston  is  on  the  dead-centre;  consequently 
the  eccentric  must  still  oscillate  to  115®  in  order  to  bring  the  respective  moving-parts  into  their 
extreme  position. 

The  diagrams  illustrated  in  our  figs.  96  and  97  refer  to  the  engine  represented  in  our 
Plate  20.  The  steam-passages  are  "/,«"  (18  mm.)  and  y^"  (23  mm.)  wide,  and  12%"  (320  mm.)  long. 
The  lineal  lead   of  the  inlet- valve  is  Vir,"  (1-^  mm.)  and  that  of  the  exhaust- valve  is  ^le"  (•'^  nim.). 
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The  eccentric  worting  the  inlet-valve,   is  set  with  an  eccentricity  of  2^/^*'  (65  mm.)  G5^  in  front 
the  crank,  and  the  eccentric^  working  the  exhaust-valve  has  P/V'  (40.5  mm.)  eccentricity  ynih  a  lead-^ 
angle  of  IP. 

^Tte  engine  illustrati^d  on  Plate  20  is  termed  a  ,,30  horse-power  engine"  hy  the  Sangerhauser ' 
Maschinenfabrik.  Its  cylinder  is  14'/^'  (380  mm.)  in  bore  and  of  2'  5VV'  (^50  mm.)  stroke;  the 
crank  running  at  60  revolutions  per  mia,  gives  a  mean  piston  speed  of  close  on  6^  (1,5  m.)  per  sec. 
As  30  horse-power  are  thrown  off  the  engine  with  a  cylinder  steam-pressure  of  6  atmospheres  and 
with  cut-ofis  at  one -fifth  and  one- quarter  stroke  when  non-condensing  and  at  0.1  and  0,13  stroke 
when  working  on  the  condensing-priuciple^  it  follows  that  the  engine  power  may  be  increased  fully 
one-half,  if  later  cut-offs  are  used.  ^M 

The  steam-cylinder,  is  constructed  in  the  ordinary  way  without  steam-jacket  The  steam-pipe 
is  i**  (100  mm,)  in  diam.,  or  Vu  ^^^  cylinder  cross- area >  and  the  copper  exhaust- pipe  57,^' 
(140  mm.)  diam.  (or  %  **^^  cylinder-eross-area)  either  passes  the  steam  into  the  condenser ,  or  into 
the  atmosphere,  as  shewn  in  our  drawmg. 

The  piston^  is  fitted  in  two  parts,  which  are  held  by  a  closed  screw-bolt;  it  is  made  steam- 
tight  by   two   cast-iron  rings   furnished   with   one   common  spring.     The  piston-rod  is  of  cast-steel 
2V4''  (59  mm.)  in  diam.,  and  on  account  of  the  centre-line  of  the  crank-rod  running  5%**  (145  nmi,|jl 
out  of  the  croas-head-centre  y  the  latter  receives  an  eccentric  pressure  in  its  slides,  and  consequently 
the  slide-blocks  are  fitted  with  double  adjustable- wedges. 

The  connecting  rod,  5.26  as  long  as  the  crank,  is  3y^"  (95  mm.)  diam*  at  its  centre;  it  is 
furnished  with  an  open  head  at  its  butt-end  (4"  ^==  100  mm.  long  and  3"  =  75  mm.  diam)  its 
other  extremity  (4^'  ^  HX)  mm.  long  and  3%"  =^  80  mm.  diam.)  being  closed. 

The  engine- frame  piece  is  cast  in  one  piece,  and  somewhat  overlapping  the  cylinder-covei: 
is  bolted  to  the  latter  and  to  the  crank-pedestaL  ^B 

The  crank  is  mounted  close  to  the  bearing  of  the  crank-axle,  and  is  maile  of  cast  iron. 
The  crank-pin  only  4.%**  (125  mm.)  long  is  of  cast  steel.  The  diameter  of  the  crauk-shaft  is  uni- 
form between  its  bearings  namely  6%"  (175  mm.)  in  diam.;  the  crank-shaft  pedestals  are  each  9%^ 
(240  mm,)  long  and  6"  (155  mm.)  in  bore. 

The  fly-wheel  is   fastened   to  its   boss  by   four  screw-bolts,  whereas  the  connection  betwe 
the  rim  portions  is  eifected  by  plate  and  wedges.    Its  face  is  7%"  (^<W  mm.)  wide,  and  the  dywhee 
diameter  is  ir  10%^'  (34OT  mm,). 

We  meet  here  with  the  Buss  Cosinus-governor  applied  for  the  first  time;  it  is  driven  by  bevel* 
gearing  of  %"  (16,5  mm.)  pitch,  from  a  strong  shaft   1*/^"  Q}9  mm.)  diam.  at  a  speed  of  298  revo- 
lutions per  min.     The  bevel  wheels  on  the  crank-shaft,  as  well  as  the  others  are  set  to  a  pitch  oflfl 
%"  (20,5  mm.). 

All  the  motion-rods  are  rendered  adjustable  by  screw -joints,  and  to  increase  the  durability 
of  the  rocking  pieces,  these  are  made  of  steel. 


14,     Wmiiiiock  &  K<3ppner''s  Automatic  Variahle  Expansion-gear. 

The  engines  constructed  at  the  works  of  Friedriclx  Wannieck  of  Brnnn,  and  fitted  with  tfc 
Wnmieck  &  Koppner  automatic  variable  expansion  gear,  unquestionably  belong  to  a  class  of  Corliss 
engines,  in  which  automatic  cut-oflF  can  almost  take  place  at  any  piston  stroke-portion. 

This  cut-oflF  arrangement  possesi^es  the  advantages  of  the  ordinary  Corliss  valve-gears;  thu 
we  notice  the  rapid  opening  of  the  inlet  and  exhaust  valves  at  tlie  commencement  of  the  stroke 
and  also  perceive  that  the  stbam-passagea  are  kept  well  open  during  the  stroke,  or  whilst  steam  H 
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ruiiniiig   in    the    cHrection    of  the    inscribeil    arrows.     As   soon   as  tni  wedge -piece  p  comes   wx 
solid   contact  with   the   opposite   piece  r,  the  toothed  link  Nib  knocked  out  of  gear,  and  the  inlet _ 
valve  closes. 

Fig.  8S. 
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According  to  the  high  or  to  the  low  position  of  the  governor  ballsj  the  wedge-pieces  tTi  are 
brought  closer  to,  or  further  oflF,  the  cylinder -centre  XX;  the  knocking  of  the  wedge -pieces  pp^ 
driven  from  the  catpansion-eccentric,  implying  disengagement,  thus  ensues  sooner  or  later  during 
the  forward^  as  well  as  during  the  return  strokes  of  the  motion-rod  E,  The  symmetrical  movement 
of  the  wedge-pieces  rr^  is  ensured  by  the  application  of  two  toothed-segments  (see  fig.  1  Plate  Xl). 
In  order  that  the  time  of  contact  between  the  governor  wedges  rr^  and  the  pieces  |);>,  may  not  bo 
excessive,  the  former  (rr^)  are  so  fixed,  tliat  when  the  expansion-eccentric  E^  is  placed  diametrically 
opposite  the  crank,  automatic  cut-off  can  only  ensue  between  half-stroke  and  full-stroke.  On  the 
other  hand,  if  disengagement  is  desired  to  take  place  between  0.0  and  0.6  stroke,  then  all  that  has 
to  be  done,  is  to  move  the  expansion-eccentric  round  it^  circular  slot,  to  the  extent  of  d{}\  so  that 
it  then  follows  the  crank  at  an  angle  of  90*^  as  shewn  in  fig.  1,  without  in  any  way  necessitating 
any  alteration  of  the  governor.  It  is  not  necessary  to  place  the  eccentric  in  any  of  the  intermediary 
positions,  on   account  of  the  governor  controlling  the  ^cut-ofiF  within  the  range  of  half  the  stroke. 

We  should  also  observe,  that  with  later  cut-offs  than  V?n  stroke,  the  wedge -pieces  pp^  do 
not  leave  the  pieces  rr^  at  the  moment  the  links  N  get  into  gear  with  the  catches  o.  Consequently 
these  links  could  not  become  engaged,  if  their  reciprocating  motion  in  front  of  the  bolts  gg,  was 
in  a  straight  horizontal  line.  As  the  rods  E  and  links  J\^i\^  have,  however,  a  rocking  motion  in 
front  of  the  bolts  qq^  dropping  in  fact  below  them,  their  working  into  gear  is  even  in  that  case 
certain,  and  as  soon  as  the  links  NN  again  approach  the  bolts  gg,,  tlie  wedge-pieces  ^3|i|  have  once 
more  left  the  governor -pieces  rr^^^  the  bolts  are  easily  pushed  back  by  the  links  NN,  when  these 
motions  are  ready  to  repeat  themselves. 

On  Plate  21,  wo  illustrate  an  engine  of  the  Corliss-type  fitted  with  the  Waunii*ck  &  Koppner 
Valve-gear y  as  constructed  at  the  worka  of  Mr.  Frederic  Wannieck  of  Brunn;  fig.  I  gives  a  side 
elevation  of  the  engine,  with  its  condenser  and  air-pump  arranged  under  the  engine-room  floor> 
whilst  plan  ajid  end-view  of  the  same  arrangement  are  shewn  in  tig,  3  and  4.  This  engine  is  of 
35  H.R  (nominal)  and  its  cylinder  is  of  the  ordinary  Corliss -type  with  17"  (435  mm.)  borej  the 
average  piston-speed  in  6'  6''  (1.7  m,)  per  sec.  running  at  108  strokes  per  min.  The  steam-pipe  is 
4*4"  (115  mm.)  in  diam,  and  as  the  exhaust  pipe  is  by^**  (150  mm.)  in  diam.  the  proportion  of  the 
two  to  the  cylinder  cross- area  is  respectively  Vt4  4  and  '/^j^j. 


The  piston-rod  2%"  (67  ram.)  in  diam.  is  prolonged  through  both  cyliuder- covers,  being 
supported  by  the  atuffing-box  of  the  hind  cylinder-cover.  The  narrow  hollow  engine-frame,  is  bolted 
by  six  screw -bolta  to  the  cylinder;  the  crank  -  pedestal^  is  cast  in  one  piece,  with  the  engine -frame, 
which  is  furnished  with  V,  in  place  of  circular-sHdea.  The  Porter- governor  is  carried  by  the  frame, 
and  is  driven  by  belting,  at  170  revolutions  per  minute.  Two  vertical-roda  are  attached  to  its  collar, 
one  uf  which  is  fastened  to  the  piston  of  a  brake,  whilst  the  other  is  connected  with  a  lever  of  a 
short  shaft,  which  imparts  a  rocking -motion  to  a  second  shaft  fitted  on  tlie,same  frame,  by  means 
of  the  forementioned  toothed  segments.  To  the  other  end  of  this  shaft,  two  levers  of  equal  length 
are  fitted,  which  move  the  rods  mm^  along  with  the  wedge-pieces  rr,. 

The  connecting-rod  is  made  S'/g"  (100  mm.)  in  diameter  at  its  centre,  and  is  4y^  times  the 
length  of  the  crankj  the  cro^s-head  is  2%^'  (70  mm.)  in  diam.  and  3%"  (100  mm)  long.  The  con- 
necting-rod is  placed  as  close  as  possible  to  the  crank,  the  brasses  of  the  former  being  merely  allowed 
to  protrude  on  the  outer  side,  in  order  the  prevent  a  dangerous  thrust  on  the  crank-pin.  For  the 
same  reason,  the  boss  of  the  crank,  is  made  as  short  as  possible. 

The  crank-shaft  diameter  is  6%^'  (171  mm.),  and  has  a  bearing  surface  13V/'  (342  mm.)  long. 

The  fly-wheel,  8%^''  (210  mm.)  on  its  face,  is  toothed  to  S%"  (80  mm.)  pitch,  and  with  a 
tooth-flange  diameter  of  13'  4"  (4100  mm.)  weighs  nearly  4  tons  (4O0O  kgX 

The  condenser  is  fixed  immediately  under  the  cylinder  —  vide  fig.  1  and  3  —  and  forms 
a  long  pipe  lOy^''  (270  mm.)  diam,;  the  exhaust- steam  from  the  cylinder  enters  the  condenser 
from  the  top,  whilst  the  iiijection-water  is  introduced  from  the  bottom,  after  it  has  passed  the  in- 
jector*valve.  The  water  almost  circulates  to  the  top  of  the  condenser,  through  a  pipe  inserted  in 
the  latter  (fig.  4).  The  top  of  this  injection  water-pipe  carries  a  rose,  the  opening  of  whiijh,  is  re- 
gulated from  the  bottom,  by  a  wrought-irou  rod.  A  very  good  vacuum,  is  said  to  be  obtained,  by 
this  arrangement. 

The  double  acting  air*pump  is  carried  on  a  separate  foundation,  and  driven  in  the  manner 
nhowu  from  the  engine  crank-pin.  The  pump  piston- stroke  is  12%"  (317  mm.),  and  with  a  dia- 
meter of  1'  (310  mm.)  its  capacity,  is  in  the  ratio  of  1  to  6  to  that  of  the  steam-cylinder. 

The  feed-pump,  bolted  to  the  side  of  the  air-pump,  is  driven  from  the  cross-head  of  the 
latter;  it  takes  the  feed- water  by  a  copper-pipCj  from  the  hot-well,  placed  over  the  air-pnuip.  A  cock, 
fitted  between  this  pipe  and  the  suction-valve,  serves  for  the  purpose  of  stopping  the  feed-pump,  in 
which  case,  it  delivers  the  suction- water,  into  the  forementioned  pipe. 

^15.   Bude  and  Fiircof^s  Automatic  variable  Eximiision-geaiv 
Amongst  other  new  and  interesting  Corliss-engines,  the  Vienna  International  Exhibition  brought 
*$o  public  notice,  the  Bede  &  Farcot  automatic  variable  expansion-gear,  fitted  to  a  oU  HP.  Condensing- 
engine,   which  was  constructed  by  Messrs,  Houget,  Teston,  Bede  &  Co.  of  Verviers.    This  valve-gear, 
similarly  belongs  to  a  type  permitting  automatic  cut-offs  to  take  place  at  later  stroke-periods,  than 
the  original  Corliss  valve-gears  allow. 

Jn  the  annexed  fig,  99,  representing  the  Valve-gear  of  Messrs.  Bede  &  Farcot,  we  note  that 
a  shaft  B  proceeding  from  the  crank -shaft,  is  placed  parallel  to  and  at  the  side  of  the  cylinder- 
axis;  this  shaft  is  made  to  drive  a  vertical  spindle,  by  means  of  a  set  of  bevel- wheela.  The  last 
named  spindle,  is  driven  at  the  same  number  of  revolutions  as  the  crank- shaft,  and  the  governor 
m  mounted  on  it;  our  fig.  99  does  not  show  the  governor.  The  exhaust- valves  H^  are  driven  from 
u  shal't  in  the  frame  A^  carrying  a  cam  T,  which  is  shewn  in  detail,  in  fig.  6  and  7  of  Plate  22. 
Eyes  laterally  placed  in  this  frame  connect  the  motion-rods  JS^J^j  with  the  levers  LiL^  of  the  ex- 
haust-valves HH.     If  the  crank-positions  K  (fig.  6  and  7)   are  followed  in  the  direction  of  the  in- 
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scribed  arrows,  it  wiU  be  seen  that  the  travel  of  the  exhaust^valves,  isqu^  depeudiiig  on  the  form 
of  this  cam;  in  the  construction  before  us,  the  form  of  this  cam  is  so  chosen,  that  the  valves  open 
quickly,  and  remain  stationary  in  their  extreme  open  position,  but  again  shut  rapidly,  stopping 
closed,  almost  during  the  entire  subsequent  stroke. 

By  far  the  greatest  interest  attaches  to  the  disengaging  or  trip-gear.  Comparing  the  annexed 
Ig.  99  and  fig*  6  and  7  (Plate  22)  it  will  be  seen  that  an  eccentric  I/,  keyed  fast  on  the  vertical 
spindle,  revolves  in  tht  frame  A  following  the  crank  at  an  angle  of  126 ^   whence  it  follows  that 
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the  eccentric,  only  tlien  assumes  its  change  of  stroke,  when  the  piston  has  travelled  */r,  of  its  stroke, 
so  that  the  'cut-off'  is  only  up  to  that  time,  under  governor  control  With  this  object,  two  triggers  ^iV 
swivel  on  pins,  fitted  to  each  side  of  the  frame  A.  The  lower  portion  of  each  trigger,  is  furnished 
with  a  steel  catch  n,  gearing  at  the  proper  time  into  the  square  end  &  of  the  dash-pot  piston  P. 
The  other  extremity  of  this  piston,  has  an  eye  for  the  purpose  of  connecting  the  inlet-vnlve  spindle 
lever  L  (by  means  of  a  short  link  E)  with  this  piston. 

The  action  of  this  valve-gear,  is  as  follows:  Coniining  ourselves  to  the  mechanism  at  the 
right  of  the  cylinder,  which  corresponds  to  the  position  of  the  valves  shewn  in  section  by  fig.  100, 
we  observe  that  the  crank  is  on  its  right  dead  centre.  The  catch  n  of  the  trigger  N,  is  in  gear 
with  the  square-end  o  of  the  dash-pot  piston,  and  consequently  the  frame  A  and  also  the  buffer-rod  P 
have  been  so  far  drawn  to  the  right,  that  the  inlet -valve  (/,  has  opened  to  the  extent  of  the 
lineal  lead.  With  the  continued  horizontal  movement  of  the  trigger  N^  the  upper  arm  of  the  latter, 
impinges  against  the  fixed-ruller  r  of  the  rail  It  which  has  a  vertical  traverse,  equal  to  that  of  the 
sliding  collar  of  the  governor*  As  the  swing -centre  of  the  trigger  is  still  moving  onw^ards,  a  mo- 
ment oocurs,  when  the  catch  n  is  knocked  out  of  gear,  through  the  roller  r  forcing  the  trigger  N 
to  swivel  round  its  centre,  in  a  circular- direction  from  right  to  left.  It  is  at  this  period,  that 
the  action  of  the  spring  in  the  dash-pot  comes  into  play,  by  rapidly  drawing  back  the  piston  I*; 
this  closes  the  inlet-valve,  whilst  the  left  exhaust-valve  H,  moves  in  the  direction  of  the  inscribed 
arrow.  We  must  here  correct  our  wood-cut  fig.  99,  which  erroneously  shows  the  frame  A,  moved 
too  much  to  the  right*  The  two  dash-pots  0,  as  well  as  the  sliding-surface  of  the  frame  J,  are 
cikst  in  one  piece,  bolted  to  the  cylinder* 
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Automatic  disengagement,  through  the  action  of  the  governor,  is  shewn  in  our  fig.  lOL 
This  valve -gear  possesses  the  great  advantage,  that  as  near  as  the  positions  of  the  catch-edges  of 
n  and  o  may  be  to  each  other,  the  governor ►  roller  r  is  nevertheless  obliged  to  lift  comparatively 
high,  in  order  to  effect  disengagement  at  the  proper  moment  The  various  positions  of  the  eccentric 
in  the  frame  A  are  represented  in  fig.  102,  corresponding  to  the  positions  of  the  trigger  N 
in  fig.  101. 

An  additional  advantage  of  this  valve-gear,  is  that  tlie  shock  reacting  on  the  governor,  at 
the  moment  of  disengagement,  is  much  lessened  in  intensity.  This  is  owing,  to  the  peculiar  form 
of  the  trigger,  which  includes  a  very  acute  angle, 
between  the  tangent  of  the  contact  surface  aud 
the  direction  of  motion. 

Our  Plate  22,  illustrates  a  Corlias*engine 
constructed  by  tlie  Houguet  ^Teston  Co.  ofVerviers; 
fig.  1  and  2  show  the  engiue  in  side-elevation  and 
plaji;  fig.  3  gives  a  front  view  of  the  Bede  &  Farcot 
ralve-gear  attached  to  the  cylinder,  whilst  in  fig.  4 

we    have   a    cross -section   and    a    part  foM_i,__ii \  ¥-___1_,a 

longitudinal  section  of  the  cylinder  and   ^^^^"^  "^ 
of  the  valve -gear;    the  latter    is  drawn 
to  an  enlarged  scale  in  fig.  5. 

The  cylinder  of  3'  3"  (1  ra,) 
stroke  and  17V^'^  (450  mm.)  bore,  has 
a  mean  piston-speed  of  4'  10"  (L5  m,) 

per  sec,  obtained  by  90  strokes  per  min.  '  ^  '      '  ' 

The  steam -pipe  4%'^  (120  mm.)  in  bore,  hb  m  at    ^u 

iii  bolted  to  the  top  of  the  throttle-valve, 

which  is  covered  with  a  wood-lining,  —  an  arrangement  which 
offers  to  the  eye  a  very  compact  connection  with  the  cylinder;  the 
cross-area  of  the  cylinder  is  consequently  in  the  proportion  of  1 
to  14  to  that  of  the  steam-pipe.  The  exhaust-pipe  leading  to  con- 
denser, has  an  internal  diameter  of  57jj"  (140  mm.),  and  is  fumiahed 
with  a  two-way  valve,  by  which  the  steam  may  be  exhausted 
into  the  atmosphere,  when  not  condensing;  the  area  of  the  exhaust- 
pipe  is  Vio  of  the  cylinder  cross-area. 

Tlie  details  of  the  steam  -  cylinder  are  extremely  original.  The  valves  are  arranged  in  the 
cylinder-covers,  thus  probably  completing  all  the  possible  combinations  relating  to  the  placing  of  the 
Talves:  for,  in  the  first  Corliss -engines  we  found  these  valves,  symmetrically  arranged  on  the  top 
and  bottom  side  of  the  cylinder,  whereas  both  Wheelock  &  Wood  place  all  the  four  valves 
on  the  underside  of  the  cylinders,  and  now  we  find  that  Bede  &  Farcot  arrange  them  in  the 
cylinder-covers. 

The  cylinder  will  be  seen  to  be  constructed  of  four  main-pieces,  namely;  the  inner- cylinder- 
surface,  the  steam-chamber  with  the  steam-pipe  abutments  and  supports,  and  the  two  cylinder-covers. 
The  cylinder -proper  is  carried  by  the  steam -chamber,  by  legs  at  its  ends  —  vide  fig,  5  — ;  the 
joint,  between  the  latter  and  the  cylinder-ends,  is  rendered  steam-tight,  by  a  tongue  and  groove  joint 
and  a  caoutchouc-ring. 

The  piston-rod  3"  (75  ram,)  in  diam.  ia  prolonged  beyond  the  back  cylinder- cover,  where 
It  is  coupled  with  the  piston  of  the  air-pamp;  the  engine  frame  is  fitted  with  circular  slides  and  is 
bolted  to  the  front  cylinder -cover  and   to  the  crank -pedestal   (Ty^"  =  190  mm.  bore  and  13"  ^ 
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mm.  lengtli).  The  coiirieetiiig-rotl  is  made  5»3  times  the  length  of  the  craiit.  The  craiik-pm 
is  4%'^  (115  mm-)  diam.  and  is  by^'*  (15C)  mm.)  long. 

With  a  diameter  of  14'  TV,''  (4500  mm,),  the  fly-wheel  is  lb%*'  (400  mm.)  on  tlie  face, 
and  weighs  nearly  6  tons  (6000  kg,).  The  engine -power  is  transmitted  by  belting,  from  tiue 
fly-wheel. 

Tlie  governor  used,  is  that  of  Proell  without  compensating -iveight.  The  double-acting  air- 
pump  is  placed  behind  the  cylinder;  its  stroke  is  the  same  as  that  of  tlie  cylinder  or  3'  3'',  and 
its  diameter  is  ii\/^**  (16U  mm.).  The  relative  capacity  of  the  air- pump  to  that  of  the  cylinder, 
is  consequently  as  1  : 7.9.     A  vacuum-indicator  is  attached  to  the  top  uf  the  condenser. 


IG.   Joseph  Furc'Otls  autoinatic  variable  Exinmsinn-gcar. 

The  various  improvers  of  Corliss -engines,  have  always  endeavoured,  to  extend  the  narrow 
range  of  automatic  cut-olf  to  wider  limits,  without  in  any  way  introducing,  what  must  always  be 
considered,  com[)licated  auxiliary  mechanisms.  To  Joseph  Farcot,  the  merit  is  due,  of  having  entirely 
obtained  such  a  result,  by  a  suitable  modification  of  the  trigger -gear  and  the  application  of  only 
one  eccentric.  His  valve* gear,  as  attached  to  a  Corliss- engine,  was  submitted  to  public  opinion  at 
the  Paris  International  Exliibition  of  1878,  and  independent  of  the  various  new  constructive* details 
presented  by  this  engine,  it  may  be  safely  asserted,  that  Joseph  Farcot  has  solved  the  problem  in 
a  most  ingenious  manner. 

We  have  illustrated  this  Corliss-engine  of  350  IP  on  Plate  23,  though  we  have  omitted  the 
double-acting  force-pimip,  which  it  actually  worked,  as  the  latter  is  beyond  our  province.  Fig.  1  gives  us 
a  side-elevation  and  tig.  2  a  plan  of  this  engine;  in  fig.  3  we  have  a  longitudinal  section  of  the 
valves,  as  well  as  the  geometrical  relation  between  the  moving  parts  of  the  valve-gear:  lastly  fig.  4 
gives  us  the  constructive  details  of  the  cylinder,  as  shewn  in  half-section.  This  valve-gear,  may  be 
said,  to  be  a  combination  of  the  IV  Corliss-gear  and  of  that  of  Messrs.  Bede  &  Farcot;  for  we  find 
the  rocking  wrist-plate  with  its  four  motion-rods  borrowed  irum  the  first  named,  whilst  the  con^J 
strnction  of  the  cylinder  and  the  arrangement  of  the  valves  in  the  eyliiider-covers,  are  analogous  to 
the  last-named  gear.  The  advantages  of  the  two  valve-arrangements,  are  consequently  shared  by 
the  present  expansion  gear,  whilst  the  invention  of  a  mechanism  permitting  automatic  cut-offs  be- 
tween 0.0  and  0.8  of  the  stroke,  has  brought  the  Farcot  automatic  expansion- gear  to  a  state  of  p«jr-j 
fection,  which  leaves  little  to  improve  upon. 

The   wrist-plate  at  the  side  of  the   cylinder,  is   placed  somewhat  above  the   cylinder-axia 
though  exactly  midways  between  the  cylinder  covers.     By  this  arrangement,   the  driving-pin   of  the 
gear-disc  is  brought  close  up  to  the  engine  centre-line,  whilst  the  movement  of  the  motion-rods   of 
the   inlet-valves  is  almost  horizontal.     This  motion  is  assisted,  by  the  application  of  an  auxiliary 
lever  J  shewn  in  our  fig,  103  and  104.     The  portion  of  the  adjustable  motion  rod  i?,   between  the 
wrist* plate    and  tlie   auxiliary  lever  J,  is   constructed   in   the   ordinary   way.     Its   other   end,    fomiaj 
however,  a   guide-rail  fitted  laterally   with  eyes  (t,   into   which   long  cylindrical  rods  ee  are  screwed 
The  extremity  of  the  motion-rod  E  is  fork- formed,  to  admit  the  trigger  N  to  play  freely  betweesl 
the  prongs.     The  crank-lever  LK  is  keyed  fast  on  to  the  valve-spindle  F.     A  rod  P  connected  with 
tbo  dash-pot  piston,   in  attached  to  the   lever-arm  A'.     In  place   of  the  ordinary  weights,  or  spiral 
springs,  or  air-pressure,  such  as  we  found  introduced  to  the  dash-pots  of  the  VI  and  VII  Corliss^valve 
gears,   the  buffer-piston  is  kept  down,   by  the  full  steam- pressure.     The  bottom  of  the  dash-pot  has 
an  air-pass«age  rttgulut^d  by  a  vulve,  in  order  t^  cushion  the  piston  on  its  descent.     The  other  arm 
L  of  tlie  crank-lever,  is  also  fork-formed,  and  its  eyes  are  made  into  bearings  aa,  for  the  p 
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of  carrying  a  small  rod  jer,  fitted  witli  a  eteel  projection  in  its  middle.     The  ends  of  this  rod,  form^ 
guides,  into  which  the  forementioned  rods  ee  slide^   so   securing  the  requisite  horizontal  movement, 
for  ensnring  the  exact  working  in  and  out  of  gear^  of  the  trigger  K 

Sineey  in  order  to  effect  cut-off  ep  to  7itj  *^f  the  stroke,  automatic  disengagement  should 
be  able  to  ensue  during  both  alternate 
motions  of  the  motion-rod  E^  one  end 
of  the  trigger  K  takes  the  form  of  two 
unsymmetrieal  prongs  h  and  h^.  The 
crank-lever  jBi?^  connected  with  the  go- 
vernor by  the  rod  31,  carries  two  fin- 
gers rr^  corresponding  and  vertical  to 
the  rocking  planes  of  the  prongs  h  and 
Ai;  one  of  these  fingers  r  is  firmly  con- 
nected with  the  arm  Rj  whilst  the  other 
Tj  is  merely  loosely  suspended  from  the 
other  arm  J4  by  a  knuckle-joint. 

This  valve-gear  works  as  follows : 
Supposing  the  trigger  N  to  be  in  its 
extreme  position,  and  to  be  in  gear 
moving  towards  the  wrist-plate,  whilst 
we  will  also  presume  the  governor  to 
be  in  its  highest  position.  It  is  then  evi- 
dent that  the  prong  h^  will  come  in  eon- 
tact  with  the  finger  r^,  but  as  the  latter 
is  free  to  swivel,  it  will  pass  over 
the  prong  h^  without  pressing  it  down.  In  the  meantime,  the  other  prong  h  is  always  below  r, 
and  on  account  of  its  form,  it  will  press  against  the  rigid  finger  r^  and  having  to  give  way,  it 
will  leave  the  lever  L  to  the  action  of  the  downward  pulling  dash-pot  steam-piston.  If  however,  the 
lever-arm  R  is  gradually  rising  (corresponding  to  a  falling  of  the  governor-balls  and  implying  a  later 
cut'offj)  then  a  moment  must  occur,  when  the  motion- rod  E  will  be  at  its  extreme  approach  towards 
the  wrist 'plate,  before  the  prong  h  has  come  in  contact  with  the  rigid  finger  r  —  i  e.  prior  to 
automatic  disengagement  taking  place.  With  the  return-stroke  of  the  motion-rod  E^  the  finger  r^ 
will  follow  the  pull  of  the  weak  spiral  spring  Sj  and  its  upper  joint  coming  against  the  knuckle  U^ 
the  latter  will  prevent  it,  from  turning  any  further  in  the  same  direction  round  its  swing -centre; 
this  finger  r^  then  becomes  rigid^  as  it  were,  and  as  the  prong  h^  catches  and  presses  against  it, 
the  continued  movement  of  the  trigger  N  forces  the  trip-gear  out  of  gear,  which  naturally  implies 
^  shntting-off,  of  the  steam. 

The  different  working  positions  of  the  rigid  finger  r  are  shewn  in  outline  in  fig.  105.  When 
^  position  I  the  trigger  is  in  iU  extreme  position;  the  cut-off,  regulated  by  the  rigid  finger  r  lies 
between  0,0  and  0.28  stroke.  In  position  IV  (0.28),  the  valve-gear  is  just  changing  its  stroke, 
when  the  finger  r,  begins  to  work  in  the  manner  shewn  in  fig.  lOG.  The  stroke  of  the  governor^ 
lever,  lies  within  the  range  indicated  by  positions  II  and  VIII,  and  consequently  the  automatic 
variable  cut-off,  is  limited  by  positions  II  (0,0  stroke)  and  VII  (0,8  stroke),  whereas  if  the  govemor- 
lever  corresponds  to  position  VUl,  then  wteam  is  supplied  during  full-stroke. 

A  very  ingenious  adjusting*mechanism,  is  attached  to  the  governor.  When  a  Corliss- engine  is 
about  to  be  started,  full  steam  is  admitted  during  the  first  piston-strokes,  on  account  of  the  governor- 
balls,  being  in  their  lowest  position^  for  this  reason  the  number  of  revolutions,  is  always  irregular 
at  the  commencement  of  starting.     To  remedy  this  defect,  the  following  adjusting-mechanism  is  here 
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introdaced.  A  hand-wheel  is  fitted  on  the  governor-rod^  the  boss  of  which  is  lengthened  out  and 
famished  with  an  external  thread,  which  screws  into  the  govemor-framey  while  the  governor  rod  M 
is  allowed  to  slide  freely  in  the  boss  of  this  hand-wheel,  till  the  boss-end  strikes  against  a  shoulder 
fixed  on  the  governor-rod.    In  order  to  stop  the  engine,  the  hand -wheel  is  turned,  till  the  boss  is 


\  ' .'  l! 


Vl.     VI    V    w 
OA      OJS.  OA  C128 

Fig.  106. 


%- 


SO  far  screwed  through  the  governor-frame,  as  to  press  back  the  shoulder  of  the  governor-rod. 
governor-balls  are  thus  brought  almost  instantaneously  and  without  much  trouble,  into  their  highi 
position;  this  position  of  the  governor,  answers  to  a  cut-off  at  0.0  stroke,  which  naturally  impLS^ 
no  steam-supply  to  the  cylinder,  consequently  the  engine,  is  brought  to  a  standstill. 
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If  it  is  desired  to  start  the  engine,  then  the  hand-wheel  is  turned  in  the  opposite  direction, 
and  consequently  the  shoulder  on  the  gOTemor-rod,  recedes  in  the  same  degree  as  the  boss  is 
ierewed  back,  owing  to  the  weight  of  the  governor-balls  pressing  in  this  direction.  Means  are  there- 
fore thus  provided,  of  starting  the  engine  as  slowly  as  desired,  and  of  still  working  expansively. 

The  cylinder  diameter  is  3'  3''  (1  m.),  and  the  stroke  is  5'  10''  (1800  mm.);  the  piston 
working  at  30  revolutions  per  min.  runs  at  an  average-speed  of  5'  10"  (1.8  m.)  per  second. 

The  double  acting  steam-pump  is  driven  from  the  prolongation  of  the  piston-rod;  its  diam. 
ii  14^^  (360  mm.)  and  its  stroke  3'  3''  (1  m.).  The  working-capacity  of  the  pump  is  stated  to  be 
a  little  over  8000  gallons  (630  cbm.)  per  hour. 

The  engine  frame  is  bolted,  as  before  to  the  cylinder  and  to  the  crank-shaft  pedestals. 

The  eccentric  is  strengthened  by  rods  as  shewn  in  fig.  1  (Plate  23)  in  order  to  prevent 
its  bending. 

The  fly-wheel,  is  1"  (180  mm.)  on  the  face,  and  has  its  rim  and  eight  arms  bolted  to- 
gether. The  air-  and  feed-pumps  are  arranged  below  the  engine-room  floor,  and  are  driven  by  an 
oscillating  beam  from  the  piston  cross-head. 

The  governor,  Farcof  s  patent,  is  driven  by  bevel-gearing  from  the  crank-shaft,  and  is  furnished 
with  counterweight  and  water-brake. 

17.    The  Automatic  Variable  Expansion-gear  of  Messrs.  Cail  &  Co. 

of  Paris. 
We  have  represented  this   valve-mechanism  on  Plate  24,  as  the  last,  working  with  Corliss- 
valves  and  trip-gear,  and  may  also  observe  that  is  was  exhibited  at  the  Paris  International  Exhibi- 
tion by  Messrs.  Cail  &  Co.  of  Paris. 

The  principle  of  the  external  valve-gear,  may  be  referred  to  the  III  and  lY  Corliss- valve- 
gear,  whereas  the  Spencer-mechanism,  may  have  been  emulated  in  the  trip-gear. 

Similar  to  the  Corliss-arrangement,  the  four  valves  receive  their  travel  from  a  peculiarly  formed 
wrist-plate,  fitted  to  the  cylinder-centre  and  driven  by  one  eccentric. 

The  constructive  details  of  the  trip-gear  may  be  pronounced  to  be  new,  as  will  be  seen  on 
xeferring  to  fig.  4  and  5  (Plate  24)  which  show  the  trip-gear  out  of  gear  and  drawn  to  an  enlarged 
scale.    It  will  be  seen,  that  the  motion  rod  E  is  connected  with  the  crank-lever  LL^,  which  fits 
loose  on  the  valve-spindle,  or  on  the  prolonged  boss  of  the  intermediate  cam  K.     The  latter  is 
Iceyed  fast  on  the  valve-spindle  JP,  and  is  constantly  pulled  to  the  right,  by  the  dash-pot  piston 
:3rod  P;  a  protruding  steel-plate  o,  is  partly  let  in  its  circumference,  behind  which  the  trigger  N 
^th  its  protruding  steel-catch  o,  assisted  by  the  spring  S  may  fall  into  gear,  when  the  crank 
3ever  LL^  is  in  its  extreme  position.     The  noise  of  the  tripping   into    gear,   is   deadened   by   the 
^cushion  plate  i.    Assuming  the  trip-mechanism   to  be  moving  in   gear,   then  the  regulator-lever  B 
"will    approach   more   and   more   towards  perpendicularity,   causing  the  cam  r  to  get  nearer  to  the 
circumference  of  the  cam  K]  provided  contact  takes  place  and  this  movement  of  the  crank-lever  LL^ 
:3s  prolonged,  then  the  steel-catch  n  is  pushed  out  of  gear  from  o,  and  the  action  of  the  spring  in  the  dash- 
pot  closes  the  inlet  valves,  as  it  is  connected  with  the  latter,  by  the  rod  P,  and  the  segment  K. 
The  symmetrical  transmission  of  the  governor-motion  on  the  trip-gear,  is  not  obtained  by 
^othed  segments  in  this  valve-gear,  but  by  a  simple  combination  of  levers.    The  construction  of 
^e  inlet-valves  offers  no  new  feature;  alone  the  exhaust- valve,  shows  a  different  form,  claiming  the 
adyantage  of  reducing  the  effects  of  back-pressure.    With   this  object  in  view,  the  cross-section  of 
Hie  Corliss-vttlve,  is  made  similar  to  that  of  an  ordinary  cock. 

Each  dash-pot,  carries   an  indicator,  which  shows  at  a  glance,  the  degree  of  expansion,  at 
Kirhich  the  engine  is  working.     A  governor,  adopted  and  constructed  by  a  number  of  French  engi- 

Uhland-Tolhaosen,  Corliu-engin«t.  11 


neering  firms,  and  knowfi  as  that  of  Andrade  of  Paris,  is  fitted  to  this  engine;  it  allows  the  spee 
to  be  regulated  to  a  nicety,  by  shifting  the  counter- weight 

Although  the  engine  shown  on  our  Plate  24,  is  of  the  same  constructiire-type,  as  the  one 
exhibited  at  the  Paris  International  Exhibition,  still  it  slightly  differs  from  the  latter  in  its  dimen* 
sions.  It  was  specially  designed  for  driving  the  saw-mills  of  the  Arsenal  of  Cherbourg,  where  it 
has  been  working  very  satisfactorily,  for  some  time.  It  is  of  50  KP  (nominal)  with  a  cylinder- 
diameter  of  17  Va"  (450  mm,)  and  a  stroke  of  2'  1!"  (900  mm.).  Its  consumption  of  coal  per  in- 
dicated horse- power  per  hour  is  2  lbs,  (0.95  kg.)  whereas  its  working- power  varies  as  much  as 
from  40  to  100  IP,  without  even  influencing  or  affecting  its  speed  more  than  %  revolution  per  min. 

The   engine   exhibited   at   Paris   was    1'   7^V  (500   mm.)   in   cylinder-diametery   and   had   a^ 
3'  3"  (1   m.)  stroke;  its  effective  working  capacity  was  60  tP  with  a  boiler-pressure  of  75 
(5  atm*),  %  cut-off,  while  rnnning  at  53  revolutions  per  min. 
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IT,     Engines,  working  with  Rocking-yalves  of  the  Carliss-type,  withont  Trip-gear- 

1.    Engines  designed  with  i-ocking  Equilibrium-valves. 

a,  Wilson  &  Schwartzkopf s  Roeklug  valve-gear. 

The  rocking  valve-gear  in  its  simplest  form,  is  as  old  as  the  Steam-engine  itself;  but  it 
soon  abandoned,  until  in  1853  R.  Wilson  took  out  Letters  Patent  for  a  useful  rocking  equilibrinm* 

valve.  The  latter  was  largely  used  for  Steam  *hammer8| 
but  at  the  present  time,  it  ia  very  seldom  fitted  to  Steam- 
engines,  because  Corliss-valves  have  been  largely  used  instead. 
Modern  improvers  of  the  Steam-engine  have  tried 
to  resuscitate  the  rotary  valve-gear,  and  have  so  far  mo- 
ditied  it,  as  to  impart  rotary  motion  to  these  valves,  where- 
as, the  Corliss-form  has  been  adopted,  almost  without  ex- 
ception for  the  rocking  or  oscillating  valve-type.  We 
purpose  discussing  both  types  in  the  following  pages,  and 
will  enumerate  a  number  of  engines,  fitted  with  such 
valves  and  working  quite  satisfactorily. 

As  Wilson's  valve  served  as  prototype,  for  a  gre 
number  of  subsequent  equilibrium-valves,  we  may  here 
gin    with   it.     The   valve,  represented  in  longitudinal  aiil| 
transverse  sections  in  fig.  107  and  108,   is    stated  in  thi 
original  Edition  of  this  work,  to  be  Wilson's  Steam*valve- 
this  is  however  an  error,  as  it  is  in  reality  Wilsons  Hy- 
draulie-valve.     The  reader  will  find  the  actual  Steam- vaV^^ 
drawn  on  our  Plate  XVIl,  which  has  been  prepared  fr< 
working  drawings  placed   at  our  disposal   by   Messrs.  Ka 
myth,  Wilson  &  Co,  of  Patricroft     We  borrow  the  folic 
ing  description  from  the  Practical  Mechanics  Journal: 

'Fig.  1   is  a  vertical,  End  fig.  2  is  a  horizoDtal  seeti(>i 
**^-  ^^-  the  valve   and  caaing,   both   taken  through  tlie   centre  line  af 

•t«&m*pipe.    Tbit  valve  mechanism  oontLsts  of  a  valre  casing,  A,  fitted  by  meao»  of  the  flanges^  B,  acrou  the 
€,  of  the  tteam  cylinder.    The  steam   enters  the  caaing  A,  hj  the  pipe,  B,  and  immediately  diverges  to 
along  the  pauaget,  JE^  to  the  endi,  F^  of  an  inner  space,  turned   out  cylindricollj   or  sUghtly  conicallj,  to 
th(!  Ofldllating  valve  piece,  O,  turned  to  work  steam-tight  in  the  casing.    Thia  valve  piece  ia  worked  by  mean*      ^ 
ilie  ipindle,  H^  pasfri^g  out  through  the  lateral  stuffing-box,  /,  and  formed  with  a  cross-head,  /«  fitting  into  a  aod^ 
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proper  position ,  adjustable  set-screws  are  brought  to  bear  on  the  valve-spindle  ends.  The  valve- 
spindle  F  la  worked  by  a  rod  Jv,  leading  from  the  eccentric,  which  raay  be  knocked  out  of  gear 
when   manual  steering  is  desired;   in  tins  case  the  hand  lever  L^  comes  into  play. 

6.  Shiyre's  Rocking  valve -gear. 

Shivre's  Rocking-valve  is  based  on  the  same  principle,  as  that  of  Schwartzkopf.    The  annexed 

figures  111  and  112  illustrate  this  valve,  in  cross  and  longitudinal  sections.  The  steam,  entering  by 
the  pipe  E  passes  into  the  external  valve-chamber,  forming  a  kind  of  steam-jacketing  for  the  inner 
valve-chamber,  in  which  the  valve  is  inserted 5  an  equal  expansion  of  the  metal^  is  thus  secured.  The 
steam,  theace  passes  into  the  chambers  hh^  of  the  valve,  which  communicate  with  each  other 
through  the  slot  c;  from  these  chambers  the  steam  is  alternately  passed  through  r  and  r^  into  the 
cylinder -passages  e  and  e^^   whilst  the  exhaust  steam  entering  the  chambers  dd^  —  also   communi- 
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eating  with  each  otljer  —  escapes  through  a   into   the   exhaust-pipe  A.     The   means    adopted,    for 
balancing  the  valve,  are  the  same  as  we  noticed,  when  describing  the  Wilson  &  Schwartzkopf  valves. 

A  rocking  motion,  is  imparted  to  the  cylindrical  portion  of  the  valve,  by  the  lever  L  which 
is  keyed  on  the  valve -spindle.  The  latter  runs  out  in  the  form  of  a  flat-rod  (perpendicular  to  th« 
spindlej  which  fits  into  a  corresponding  groove  on  the  valve -face,  and  is  kept  tight  by  the  spiral 
spring  s.     The  set-screw  t  is  for  the  adjustment  of  the  valve. 


Flu.  113. 


c.  Schleh's  Rocking- valve. 
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Fig,  114. 


In  1877,  the  Journal 
of  the  Society  of  Germim 
Engineers,  vUscussed  a 
rocking-valve,  designed 
^ .  by  Eugen  Schleh  of  Co- 
lognL\  the  ingenious  con- 
struction of  which,  offers 
various  advantages.  Ii« 
chief  merit,  aa  will  be 
seen  on  referring  to  fig. 
113  and  114,  lies  in  the 
cylindrical    form    of  tlie 
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valve-  and  valve -box,  greatly  facilitating  their  finish  in  the  lathe*  while  the  valve,  has  only  to 
contend  against  the  pressure  of  the  exhaust  ateaiu  which  also  tacilitates  tlie  keeping  steam-tight 
of  the  spindle-  and  valve-covers. 

The  steam  enters  through  tlie  pipe  K^  when  the  rocking  of  the  valve  gives  the  steam  alter- 
nately to  the  cylinder-passages  c  e^  whereas  the  spent  steam,  escapes  through  the  valve-chamber, 
into  the  exhaust-pipe  A* 

The  actual  valve  consists  of  two  parts ^  namely  the  distributing  valve  (^^  and  a  double- 
valve  H,  The  two  are  kept  steam-tight  by  three  of  Ramsbottom's  piaton-rings,  and  are  of  circular- 
form;  they  are  moreover  so  designed,  that  though  both  are  balanced »  they  are  nevertheless  forced 
against  their  seatings,  by  the  action  of  the  steam  when  working.  When  the  engine  is  stopped,  a 
spiral  spring  S  working  against  an  adjustable  disc  r  regulated  by  the  set- screw  n^  keeps  the  valve 
close  on  its  seatings,  in  order  to  prevent  the  leakage  of  steam  into  the  exhaust  valve- chamber  when 
the  engine  is  started.     The  set-screw  n  is  held  fast  by  a  spring  /',  the  end  of  which  is  let  into  it. 

The  valve-spindle  F  is  fastened  to  the  valve,  by  a  ring  accurately  encircling  the  valve,  and 
the  latter  is  made  to  receive  its  rocking  motion  from  the  lever  L  and  the  link  B\  the  lateral 
sliding  of  the  valve  is  prevented,  by  the  screw-bolt  attachment,  clearly  shewn  in  tig.  114. 
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2,     Steam -engines,  working  with  ordinaiy  iion-lxilaneed  Rocking -valves, 

a.  W.  E.  (Marine,  of  Xew-York. 

Our  worthy  contemporary  *  Engineering*  published  some  years  ago,  a  communication  from 
W.  E,  Carlile  of  New-York,  according  to  which  the  latter  had  introduced  a  valve,  designed  as  shewn 
in  the  annexed  figure  115,  and  used  by  him  in  Compound  Marine-engines,  For  reason,  that  the  cranks 
of  these  engines  are  set  at  180^  apart,  the  upper  and  lower  steam  passages  of  the  two  cylinders, 
require  each  a  set  of  these  valves.  The  valve-chest  0  0  is  fitted  with  two 
valves  G  and  H  in  two  separate  chambers,  which  valves  are  driven  from 
one  eccentric,  so  that  for  reversiug  purposes  only  two  eccentrics  are  needed. 

The  steam  enters  again  at  E,  and  is  controlled  by  the  expan- 
aion- valve  II,  which  is  worked  by  an  automatic  variable  cut-off  link- 
gear;  in  this  manner,  the  steam- way  e  is  at  times  closed,  according  to 
the  piston-travel.  The  steam  is  hence  led  through  the  port  a  into  the 
high-pressure  cylinder. 

In  the  position  that  this  valve  is  represented  in  our  fig.  115, 
it  is  assumed  that  the  steam  is  moving  the  piston  of  the  high-pressure 
cylinder  downwards,  so  that  the  piston  of  the  low-pressure  cylinder  would 
be  simultaneously  moving  in  an  upward  direction,  and  its  spent  steam 
would  be  passing  through  the  passages  <?|  and  A  into  the  condenser,  as 
shewn  by  the  inscribed  arrow  in  our  fig.  115,  where  e^  is  supposed  to 
represent  the  port  of  the  low-pressure  cylinder ,  and  A  the  condenser  pipe. 

With  a  180*^  travel  of  the  crank,  the  expansion  valve  II  is  still  closed,  but  the  valve  G  is 
so  placed,  that  its  steam- way  b  is  over  the  passage  a^  placing  c  directly  over  the  port  c^;  in  this 
position,  steam  from  the  high-pressure  cylinder  is  passing  on  through  the  steam-way  ahcc^  into  the 
low-pressure  cylinder  to  be  there  further  expanded.  The  valve  G  is  also  constructed  in  two  parts, 
in  a  similar  manner  to  the  one  we  described,  when  treating  the  Schleh  rocking -valve;  it  is  kept 
steam-tight  against  its  seating  partly  by  the  pressure  of  the  steam,  and  partly  by  the  intervention 
of  a  springs   when  the  engine  is  stopped. 


br-^'-^ 
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b.  Messrs.  Edward  P.  Allis  &  Co.  of  Milwaukee. 

This  American  Engineering  firm  has  constructed  engines  fitted  with  various  arrangements  of 
rocking  valve -gears;  two  of  these  the  rep,der  will  find  illustrated  on  our  Plate  XII.  The  first  of 
these,  represented  by  our  fig.  1  and  2,  is  furnished  with  one  simple  rocking-valve,  placed  on  the  top 
of  the  cylinder,  in  the  valve-chest  H.  It  is  worked,  as  an  ordinary  slide-valve,  from  an  eccentric  rod 
and  from  a  valve-spindle  lever  X,  which  is  made  longer  than  the  eccentricity  given  to  the  eccentric. 
The  *cut-oflF'  is  eflFected,  by  an  automatic  expansion -gear,  furnished  with  a  throttle -valve  V,  placed 
above  the  cylinder  and  connected  with  the  governor.  The  latter  is  mounted  on  a  spindle  m,  running 
parallel  to  the  crank -shaft  and  carried  by  the  throttle- valve  cover;  the  governor  U  is  cased  in  a 
cylindrical  box,  attached  to  one  end  of  this  spindle.  The  governor  is  driven  by  chain-wheel  gearing 
nn^,  making  as  many  revolutions  as  the  crank-shaft;  it  is  fitted  with  expansion-cone  0  after  Meyer's 
well  known  governor-type,  so  that  the  valve-rod  n  is  pushed  down  sooner  or  later,  thus  e£fecting 
the  shutting-off  of  the  steam. 

The  diameter  of  the  cylinder  of  this  engine  is  16"  (406  mm.),  its  stroke  is  2'  (610  mm.), 
and  as  the  number  of  revolutions  is  put  down  at  125  per  min.  we  obtain  the  very  high  piston 
speed  of  SVs'  (2.54  m.)  per  sec.  The  connecting-rod  is  5.3  times  the  crank-disc  radius,  and  the  fly- 
wheel's diameter  is  12'  (3680  mm.).  Two  belt-pulleys  of  6'  4"  (1960  mm.)  diam.  and  17%"  (450  mm.) 
on  the  face,  are  mounted  on  each  side  of  the  flywheel,  for  transmitting  the  engine  power  by  belting. 

For  larger  engines,  the  forementioned  firm,  does  not  merely  use  one  valve,  but  applies  two 
separate  valves  HH^  as  inlet-valves,  while  piston-  or  flat  slide-valves  S,  are  made  to  serve  for  the 
exhaust;  our  fig.  3  and  4  (Plate  XII)  refer  to  this  arrangement.  The  motions  of  the  inlet  and  exhaust 
valves  are  also  rendered  independent  of  each  other,  by  the  application  of  two  eccentrics.  The  two 
eccentric-rods  CC^  are  connected  to  a  slide -link  A,  suspended  about  its  centre  to  the  oscillating 
lever  Z.  In  order  to  secure  a  variable  cut-oflF,  the  motion-rod  B  working  the  inlet-valves,  may  be 
hung  from  different  centres  on  the  link  A,  and  according  to  its  setting,  the  degree  of  expansion 
may  be  varied,  though  remaining  fixed  until  re-set.  This  cut-off  arrangement  is  therefore  not  auto- 
matic. The  governor  is  placed  over  the  cylinder,  and  is  made  to  control  an  ordinary  throttle-valve. 
The  exhaust-valve  S^  is  worked  from  the  link  A^  by  the  motion-rod  B^  and  the  intermediate  lever  Zj. 

The  diameter  of  the  cylinder  and  its  piston-stroke  are  stated  at  1'  II74"  (609.5  mm.)  and 
4'  (1219  mm.)  respectively. 

c.  Charles  E.  Emery,  of  New-York. 

An  additional  example  of  a  large  engine  working  with  simple  Rocking-valve  gear  is  furnished 
by  the  Compound  engine  used  for  driving  the  Rolling-mills  of  the  Phoenix  Iron  and  Steel  works.  We 
reproduce  a  rough  sketch  of  this  engine  on  our  Plate  XII  fig.  5  and  6. 

It  is  of  the  overhead  engine  type,  and  accordingly  the  large  cylinder  is  bolted  to  the  top 
of  the  pyramidal  frame,  whilst  the  high-pressure  cylinder,  is  carried  on  four  columns  securely  bolted 
to  the  first  named  cylinder  and  to  the  engine-frame  as  well.  As  the  piston-rod  of  the  small  cylinder 
is  formed  by  the  prolongation  of  the  piston-rod  of  the  other  cylinder,  two  stuffing-boxes  were 
required  between  the  cylinders;  for  this  reason,  the  top  cylinder  had  to  be  arranged  at  some  distance 
off  the  bottom  cylinder,  which  arrangement  renders  the  stuffing-boxes  readily  accessible. 

The  cylinder  steam-supply  is  effected  by  a  rocking  valve  of  the  Corliss  pattern,  fitted  to 
each  cylinder;  the  lower  valve,  is  driven  direct  from  two  eccentrics,  and  drives  the  top  valve  by 
link-gear.  It  is  evident,  that  under  these  circumstances,  the  valve-spindle  levers  are  fitted  precisely 
alike.  The  steam  of  the  high-pressure  cylinder  is  conducted  into  the  low-pressure  cylinder,  by  two 
symmetrical  steam-pipes.  The  main  steam-pipe  is  fitted  with  a  regulating-valve  D  worked  by  hand, 
and  between  this  valve  and  the  steam-chest  another  double-seated  valve  V  is  also  mounted,  under 
the  control  of  the  governor. 


gallons  of  sewnge  in  Uvelve  hoars,  the  total  heiglit  of  the  lift  being  21'  6'^  The  two  pnmp-rodi 
of  each  pair  of  engines  are  connected  bj  a  wrought-iron  plate  beam,  one  end  of  which  is  connected 
with  the  upper  end  of  each  plunger  by  double  links.  The  arrangement  seems  a  capital  one,  both 
for  equalising  the  work  and  for  connecting  the  two  pistons.  The  amount  of  work  transmitted 
bj  the  beam  is  of  course  very  small,  so  that  tlie  whole  gearing  connected  with  it  can  be  made 
very  light  The  condenser  of  each  engine  is  a  cylindrical  vessel,  placed  between  the  two  maiii 
pump  barrels,  the  air  pump  being  placed  beside  one  of  the  latter  and  worked  by  an  arm  on  the 
plunger  head. 

At  the  time  of  writing,  Messrs.  Hathorn  &  Davey,  were  making  for  the  Lincoln  Sewerage  Works 

engines  of  the  same  general  type,  but  larger  in  size.  In  these  enginei 
Mr.  Davey  is  using  a  valve  gear,  in  which  his  usual  diiferential  arrange- 
ment is  applied  to  rocking  valves,  as  in  the  Chiswick  engines,  with 
the  addition    of   a    similar    separate  cut*off  valve  of  the  same  type. 

This  arrangement  is  shown 
in  section  in  tig.  117  whidi 
has  been  already  referred  to. 
The  position  of  the  ruXtm 
in  reference  to  the  cylinder 
is  the  same  as  in  the  Chis- 
wick engines,  but  the  auxi- 
liary and  cataract  cylinders 
(H  and  6f)  are  placed  below 
instead  of  at  the  side  of  th| 
cylinders.  A  and  F  are 
low-pressure  ports,  S  and  < 
those  for  the  high-pressuit* 
cylinder,  D  is  the  stop  valve 
connected  by  a  branch  to  the| 
cut-off  valve  chamber,  whicli  j 
communicates  by  port^  up^ 
and  down  with  the  main  Talf 
chambers,  in  which  work 
valves  of  the  type  alrejwiy 
described.  ('  is  the  exhausi 
passage.  The  gearing  is  worked  by  an  adjustable  pin,  carried 
an  arm  on  the  end  of  the  gudgeon,  another  pin  in  the  same 
being  used,  to  move  the  valve  of  the  auxiliary  steam  cylinder. 
cut-off  valve  is  simply  worked  by  a  link  connected  to  a  point 
viW'  "7-  the  free  end  of  the  main  valve  lever. 

The  steam  for  the  two  pairs  of  engines,  is  supplied  by  three  Cornish  boilers,  each  15'  Icm^ 
in   diameter   and   containing   a    single  furnace  2'  6"  in  diameter;    they   are   fed   by  a  iai«*M 
From  what   we  have  already   seen  of  the  excellent  working  of  Mr.  Davey's  engines^ 
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by  5' 

donkey  pump 

we  should  expect  particularly  good  rennlt^  from  this  type,  in  which  the  special  advantages  chaiicfe^^ 
ristio  of  his  system  appear  to  be  obtained  with  very  great  simplicity  and  in  a  minimum  of  ap*^>* 
One  of  the  two  pairs  now  at  Chiswick  was  exhibited  by  the  makers  with  other  machfli^^ 
at  Paris,  where  it  gained  a  gold  medal,  and  where  its  extreme  simplicity  of  design  and  directa^** 
of  aciioUt  contrasted  very  favourably  with  the  very  opposite  characteristics,  shown  in  some  of 
other  pumping  machinery 
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More  recently  Mr.  Davey  has  also  designed  another  modification  of  his  engine  most  in- 
genionaly  arranged  so  as  greatly  to  reduce  the  distance  between  the  cylinders  while  maintaining  the 
long  stroke  and  balanced  pump  rods.  We  illustrate  this  design  in  fig.  118  an  engine  which  Messrs. 
Hathom  &  Dayey  are  making  for  the  Chiltem  Hills  Water  Company.  The  special  feature  of 
the  arrangement,  is  that  the  piston  rods  are  not  directly  connected  by  links  to  the  ends  of  the 
rocking  lever ,  but  only  indirectly  by  means  of  the  well-known  form  of  parallel  motion  shown.  'In 
this  way  the  piston  rods  come  much  closer  together  than  the  ends  of  the  lever,  which  is  double, 
to  allow  tliem  to  pass  downwards.  This  arrangement  has  the  great  advantage,  of  course  that  it 
renders  this  vertical  inverted  type  of  engine  as  suitable  for  deep  well  pumps  as  for  low-lifk  pumps, 
like  those  at  Chiswick.  For  the  reasons  already  mentioned,  the  rocking  lever — and  of  course  also 
the  rest  of  the  linkwork  —  may  be  very  light,  and  all  the  pins  and  joints  are  perfectly  accessible. 
The  Chiltem  Hill  engine  has  cylinders  15''  and  30"  in  diameter  and  5'  stroke,  and  is  fitted  with 
a  separate  expansion  valve  for  the  high-pressure  cylinder  in  the  way  already  described.  The  pumps 
(bucket  type)  are  13"  in  diameter.  The  engine  has  a  surface  condenser,  the  water  being  passed 
through  it  on  its  way  from  the  pumps  to  the  reservoir. 

The  annexed  wood-cut  fig.  119  affords  a  perspective  view  of  the  external  valve-gear  of 
the  Chiswick  Engines,  though  the  preceding  description  will  render  further  elucidation  on  our 
part  unnecessary. 

e.    Weise  &  Monski,  of  Halle  a.  8. 

Referring  to  our  Plate  25,  fig.  1  —  3,  the  engine  there  represented  as  constructed  by  Messrs. 
Weise  &  Monski  of  Halle  a.  S.  is  exceedingly  simple  in  its  construction,  being  arranged  with  rocking- 
valve  and  fixed  expansion.  Our  drawings  are  sufficiently  explicit,  to  render  further  comment  as  to 
the  valve -construction,  unnecessary.  The  eccentricity  of  the  link- crank  working  the  valve,  is  b" 
(131  mm.);  it  is  set  to  a  lead  angle  of  38®,  and  as  its  inner  and  outer  lap  are  respectively  Vg" 
and  y/'  (3  mm.  and  20  mm.),  steam  is  cut-off  at  about  7r,  stroke  (0.63).  The  width  of  the  cylinder 
inlet  and  exhaust-passages  is  %"  (18  mm.)  and  1%"  (45  mm.);  their  length  =  7"  (180  mm.). 

Cylinder  bore  =  8'/,''  (220  mm.):  stroke  =  11%"  (300  mm.):  piston  3%"  X  ly/' 
(90  X  35  mm.):  crank-pin  =  2"  X  Vj^'  (50  X  35  mm.):  connecting-rod  =  2'  2%"  ((586  mm.) 
or  about  4%  times  the  length  of  the  crank. 

A  wedge  fastens  the  link-crank  to  the  cast-iron  crank. 

The  bed-plate  carries  two  pedestals,  the  bearing  surfaces  of  each  being  6%"  X  V/^*' 
(165  X  100  mm.).  The  eccentric  driving  the  feed-pump,  is  placed  between.  The  flywheel  is 
mounted  behind  the  second -pedestal  and  is  4%"  (120  mm.)  on  the  face  and  5'  2"  (1570  mm.) 
in  diameter. 

/:   IF.  Fland  &  A.  Cohendet  of  Paris. 

The  Compound -engines,  exhibited  by  Messrs.  H.  Flaud  &  A.  Cohendet,  at  the  Paris  Inter- 
national Exhibition,  shewed  an  original  arrangement  of  the  cylinders.  We  illustrate  this  engine  on 
Plate  25,  fig.  4  and  5,  whence  it  will  be  seen  that  the  two  single  acting  cylinders,  are  placed  one 
within  the  other.  The  engines  are  worked  from  a  single  rocking- valve,  worked  by  an  eccentric. 
With  the  downward  stroke  of  the  inner  cylinder  piston,  this  valve  passes  steam  into  the  high- 
pressure  cylinder  through  the  port  e,  whilst  simultaneously,  the  exhaust  steam  from  the  outer 
cylinder  is  led  through  the  passage  i  into  the  cavity  of  the  valve,  whence  it  passes  into  the 
channel  a  leading  through  a  chamber  into  the  condenser.  As  the  cranks  are  set  at  180°  to  each 
other,  the  movement  of  the  valve  must  be  sufficiently  rapid,  to  ensure  the  closing  of  the  inlet- 
port  e  at  about  half  stroke  (of  the  inner  cylinder)  —  vide  fig.  4  —  in  order  that  the  exhaust-port, 
a  may  be  shut  in  proper  time,  and  so  that  due  communication  may  be  established,  between  the 
steam-ways  e  and  a  at  the  commencement  of  the  downward  stroke  of  the  outer  cylinder. 

Ubl«ad*TolhaaseB,  Corliaa-enKincR.  12 
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The  action  of  the  steam  is  consequently  as  follows:  The  steam  from  the  boiler^  enters  the 
high-pressure  cylinder  forcing  its  piston  down;  the  cut-off  for  this  cylinder,  subsequently  takes  place 
at  about  half- stroke,  and  the  steam  is  allowed  to  expand  during  the  remainder  of  the  stroke. 
After  this,  it  passes  into  the  outer  cylinder,  where  the  expansive  working  is  continued;  ultimately 
the   steam   escapes  through  the  lower^  engine -chamber  into  the  condenser  or  into  the  atmosphere. 

Prior  to  entering  the  yalve  chest  6r,  the  steam  is  made  to  pass  a  cylindrical  throttle-valve 
which  is  under  goyemor-control. 

The  bores  of  the  two  cylinders  are  9^/'  (250  mm.)  and  19Vj,"(500  mnu);  the  stroke  is  9%" 
(240  mm.)  and  working  at  500  revolutions  per  min.  the  engine  is  said  to  indicate  50  IP. 

The  engine  resembles  the  now  well-known  Brotherhood  type,  and  consists  of  three  main 
parts,  namely:  the  bed  carrying  the  treble -bent  crank-shaft  running  in  stuffing-boxes,  the  sides  of  the 
low-pressure  cylinder,  and  the  cover  of  the  outer  cylinder,  with  which  the  high-pressure  cylinder 
is  also  cast.  The  steam -passages  could  be  kept  short,  because  the  valve -chest  is  bolted  to  the 
cylinder-cover. 

As  will  be  seen  on  referring  to  fig.  4  and  5  (Plate  25),  the  pistons  are  kept  steam-tight 
by  packing-rings;  thus  the  high-pressure  piston  and  the  external  circumference  of  the  outer  piston 
are  packed  in  the  usual  manner,  by  these  piston-rings  being  let  into  them.  The  inner  circumference 
of  the  low-pressure  piston,  differs  however  in  this  respect;  for  the  rings  are  here  let  into  the  outer 
surface  of  the  inner  cylinder,  and  on  its  inner  ring,  the  piston  is  fitted  with  a  trunk,  sliding  steam- 
tighty  against  the  last-mentioned  packing  rings. 

g,   Daniel  Adamson,  Dukinfleld,  near  Manchester, 

The  quadruple  action  engines  illustrated  on  Plate  XllI,  were  constructed  by  Mr.  Daniel 
Adamson  for  driving  a  cotton  mill  having  48006  spindles,  with  all  the  requisite  preparation.  They 
are  driven  by  steam  produced  from  two  steam  boilers,  of  the  double -fined  Lancashire  type,  each 
30  feet  long  by   7  feet  diameter,   having  two   flues   each,   2  feet   10  inches   outside  diameter,   and 

by  five  conical  tubes  welded  solid  into  the  flue  rings.  The  blow-off  pressure  of  safety  valves 
^/,-fixed  at  110  lbs.  per  square  inch. 

It  will  be  observed,  that  two  steam-cylinders  are  fixed  upon  one  bed-plate,  a  piston-rod  pass- 
\iD%  through  each,  coupled  to  cross-head  and  parallel  motion  and  forward  by  connecting  rod  to  crank 
pin  in  the  usual  way,  and  this  system  of  applying  the  power  from  No.  3  and  4  cylinders  is  re- 
peated, so  that  No.  1  and  2  constitute  one  engine,  and  No.  3  and  4  the  other,  the  balance  cranks 
being  fixed  at  right  angles,  which  causes  a  somewhat  unscientific  action  between  No.  2  and  3  cy- 
linders; but  this,  in  cotton  mill  engines,  is  said  to  ensure  uniformity  of  motion,  which,  on  the  work 
done,  more  than  compensates  for  the  irregularity  of  steam  action  between  No.  2  and  3  cylinders. 
To  modify  such  undesirable  application,  a  steam  receiver  is  fixed  between  the  cylinders  under  the 
floor  of  the  engine  room.  Advantage  is  taken  of  this  receiver,  to  superheat  the  steam,  the  heating 
medifjon  being  high-pressure  steam  at  full  boiler  pressure,  having  a  temperature  of  about  344  degs. 
Fahrenheit^  maintained  in  a  steam  jacket,  surrounding  the  exhaust  receiver. 

The  interior  vessel  of  this  intermediate  receiver  is  crossed  by  conical  pipes  welded  solid 
into  an  inner  cylinder ;  these  pipes  reduce  the  area  of  receiver,  but  proportionately  increase  the  super- 
heating surface.  The  high-pressure  steam  filling  the  jacketed  casing,  passes  through  the  conical  tubes, 
with  the  further  object  of  breaking  up  the  current  of  exhaust  steam,  as  it  passes  onward  from  No.  2 
to  No.  3  cylinder.  This  superheating  receiver  is  adopted  with  a  view  not  only  to  prevent  condensation, 
ludi  to  take  advantage  of  the  law  of  expansion  of  gases,  by  increasing  the  temperature. 

The  exhaust -pipe,  between  No.  3  and  4  cylinders  is  again  jacketed,  and  steam  superheating 

adopted  as  before  described,  No.  4  cylinder  being  further  coupled  by  exhaust  to  condenser,  as  shown. 

Tlie  Tertical  air-pump  is  worked  by  a  rocking  shaft,  actuated  by  a  lever  coupled  to  crosshead  pin,  by 
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two  connecting  rods,  and  the  short  lover  below  the  house  floor  is  coupled  by  vibrating  links  to  tha 
crosshead  of  air-pump,  and  guided  by  an  ordinary  vertical  slide  motion;  the  air-pLmip  bucket  hai^ 
a  stroke  about  a  third  of  the  piaton  travel  to  keep  down  the  speed  of  bucket^  and  to  secure  a  less 
violent  action  of  the  discharged  water  by  a  close  topped  air-pump.  The  cylinders  are  not  steam 
jacketed,  but  covered  by  2%  inches  thick  of  a  non-conducting  heat  preserving  material;  on  this 
aabstance,  they  are  lagged  with  woodj  the  ends  of  cylinders  between  the  glands  and  faced  flanges  for 
bolts  are  also  filled  up  with  the  same  cement  to  further  contract  the  radiation  of  heat,  and  then 
covered  over  with  sheet  iron  for  a  finish  and  protection.  The  engine  having  a  5  feet  stroke^  makes 
43  revolutions  per  minute,  or  a  total  piston  speed  of  430  feet  per  minute*  No.  1  cylinder  is  17 
inches  diameter;  No.  2,  22.5  inches  diameter;  No.  3,  30.25  inches  diameter;  and  No.  4,  42  inches 
diameter.  The  relative  area  between  No.  1  and  4  is  as  1  is  to  6.1.  The  mechanical  action  of  the 
quadruple  engine,  is  admirably  adapted  for  producing  a  uniform  power,  such  as  is  required  in  a 
cotton,  woollen,  or  flax  mill,  or  for  the  grinding  of  com,  the  force  on  the  crank  pins  being  nearly 
the  same  on  every  portion  of  a  revolution;  again  with  four  pistons  between  the  boiler  pressure  and 
the  condenser,  any  chance  of  leakage  of  steam,  without  yielding  its  full  power,  is  proportionately 
provided  against  No  provision  need  be  made,  in  the  strength  of  the  several  working  parts,  beyond 
what  is  due  for  security,  to  drive  a  miiform  power  by  a  uniform  force.  The  valves  on  all  the  GJ^M 
linders  are  of  the  Corliss  rockmg-type,  the  length  of  the  steam  and  exhaust-port  being  the  diameteJ^B 
of  their  respective  cylinders.  All  the  valves  are  actuated  by  a  rectangular  central  steel  spindle,  havingV 
a  reciprocating  motion  on  its  own  centre.  The  diagrams,  taken  from  the  quadruple  action  engines 
when  performing  lull  work,  showed  that  no  irregular  percussive  force  was  in  operation,  establishing 
every  likelihood  of  great  durability  in  the  working  parts,  and  economy  in  lubricants.  At  first  sight, 
this  multiple  steam  cylinder  action  may  appear  complicated,  and  also  costly,  to  secure,  what  engineers 
generally  consider  can  be  accomplished  in  one,  or  at  most,  two  cylinders,  without  the  wear  and  tear 
of  machinery  and  boilers,  incident  to  the  higher  pressures. 

The  practical  economy  of  the  quadruple  engine  in  its  consumption  of  fuel,  may  be  estimated 
by  comparing  the  results  obtained  in  two   mills   —  in  one   of  which  a  triple  cylinder  engine  wa 
used,   whereas   the  other  was  worked  by  a  quadruple  acting  engine;    these  results  are  as  followsli 

Mills:  Albert:  Victoria: 

Engines  used  for  driving  do.     .     ,     ,     Quadruple  acting.  Triple  cylinder. 

Number  of  spindles  in  do.  ....  4H240.  57360. 

Average  coal  consumption  per  week- 

during  6  months  trial  ,     ....      35  tons   12  cwt.  59  tons  3  cwt* 

Average  coal  consumption  per  horse- 
power per  hour:        1*2   lbs.  2Va   lbs. 

At  the  time   of  these  trials,  the  triple  cylinder  engines  had  been  put  down  something  Hkel 
about  12  yearF,    while  the  quadruple  engines  had  been  working  12  monthfi,   without   costing  anyl 
thing  in  repairs;  in  addition  the  Albert  Mill  was  engaged  on  coarser  work,  yet  almost  the  same  weight 
of  work  was  turned  out  of  the  two  mills. 

For  a  fuller  description  of  these  engines  we  refer  the  reader  to  the  Transactions  of  th« 
Iron  &  Steel  Institute  No.  II  for  1875,  and  tender  our  thanks  to  Mr,  Adamson  for  the  proffe*^ 
use  of  his  lectinre  before  this  Association. 

k     H,  P.  Fenby'fi  High  Speed  HorizDntal  Engine. 

The  object  aimed  at,  in  producing  this  engine,  was  to  obtain  a  perfect  action  for  Uie  s*t< 
combined   with   a  quick  cutroff  actuated  by  the  governor,   but  so  contrived  that  a  high  speed  vo 
be  attained,  without  the  knocking  or  releasing  of  any   loose  triggers  or  parts  commonly  ua€<l   »^^ 
obtaining  a  quick  cut-ofil 
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The  engine,  exhibited  at  the  Paris  International  Exhibition,  of  which  we  giye  -drawings  on 
Plate  24,  figs.  6—10  was  a  model  made  to  test  the  principle,  and  though  of  a  small  size,  the 
correctnesB  of  the  system,  has  been  thereby  folly  substantiated. 

The  cylinder  is  3^'  diameter  with  a  6'^  stroke;  it  is  cast  with  one  end  in,  which  serves 
to  secure  it  to  the  end  of  the  bed,  and  also  to  form  a  stuffing-box  for  the  piston-rod.  This  stufBng- 
box  is  of  novel  construction,  being  composed  of  36  punched  brass  washers,  pressed  into  a  bored 
hole,  every  sixth  washer  having  a  hole  in  it,  a  quarter  of  an  inch  larger  than  the  piston-rod,  so 
as  to  form  a  condensing  chamber  for  the  steam.  By  the  aid  of  these  chambers  and  the  very 
long  stuffing-box  used,  the  escape  of  steam  is  effectually  prevented.  An  auxiliary  stuffing-box 
of  the  ordinary  type,  was  provided  in  case  of  any  leakage  of  steam,  but  it  was  not  found  necessary 
to  pack  it. 

The  piston  is  two  inches  thick  and  contains  six  hard  brass  expanding  rings.  The  guide 
for  the  piston  rod  head,  is  cast  all  in  one  with  the  bed,  and  is  bored  out  to  the  same  diameter  as 
the  cjlinder]  the  piston-rod  head  is  made  as  a  light  cylindrical  tube  of  cast  iron,  having  the  piston- 
rod  secured  to  it,  by  two  fine  thread  nuts.  It  also  has  a  taper  take-up  joint  for  the  connecting 
rod.     The  crank  shaft  bearings  are  both  cast  upon  the  bed. 

Both  the  steam  and  exhaust  valves  are  of  the  simple  rocking  type,  the  steam  valves  being 
worked,  by  specially  constructed  cams  described  further  on,  and  the  exhaust  by  an  eccentric  on  the 
crank  shaft  Light  wrought  iron  tubes  are  used  instead  of  solid  rods  for  working  the  valves,  on 
aeconnt  of  the  quickness  of  the  cut-off;  the  engine  running  three  hundred  revolutions  per  minute, 
cuttiiig  off  the  steam  in  the  ninetieth  part  of  a  second. 

The  cam,  which  works  the  two  steam  valves,  is  keyed  upon  the  crank  shaft,  face  to  face 
with  the  cam  which  controls  the  cut-off.  The  cut-off  is  varied  by  the  cam  being  twisted,  round  to 
different  positions,  in  relation  to  the  fixed  admission  cam.  This  twisting  of  the  cam  is  effected  by 
the  governor  drawing  a  socket,  which  works  upon  a  spiral  key  on  the  shaft,  through  the  c&tre  of 
the  cauL  The  socket  slides  through  the  cam  on  a  feather,  parallel  to  the  axis  of  the  crank  shaft, 
the  feather  serving  to  connect  the  cam  to  the  socket.  The  spiral  key-way  in  the  shaft,  is  of  such 
a  pitch,  as  to  allow  the  governor,  to  be  capable  of  regulating  the  admission  of  steam,  from  seven- 
eighths  to  about  one -fourteenth  of  the  stroke. 

The  speed  of  the  engine,  can  be  altered  to  a  nicety  whilst  running  by  means  of  a  shifting 
fulcrum  on  the  governor-stand,  worked  by  a  screw  and  small  hand- wheel.  By  this  arrangement,  the 
engine  may  be  made  to  commence  to  cut-off  at  one  tenth  or  any  of  the  intervening  points  down 
to  seven  eighths  of  the  stroke,  or  the  engine  may  be  started  with  a  heavy  load  on  and  full  steam, 
the  fulcrum  being  then  run  back  again,  to  where  the  desired  speed  is  maintained. 

Fig.  6  (Plate  24)  is  a  horizontal  section  through  the  cylinder,  though  otherwise  repre- 
senting a  side  elevation;  Fig.  7  is  a  plan;  Fig.  8  is  a  part  section  of  crank  gear  and  governor: 
Fig.  9  is  a  cross  section  through  cylinder  showing  valves;  Fig.  10  shows  the  steam  and  cut-off  cams. 

The  same  letters  refer  to  the  same  parts  on  all  the  views. 

The  two  admission  valves  are  shown  at  the  top  (fig.  6),  while  the  two  exhaust  valves  are 
represented  at  the  bottom  of  the  cylinders.  The  first  named  valves,  are  worked  by  valve  rods,  which 
are  attached  to  the  top  of  cam  levers,  having  fianged  runners  kept  against  the  cams,  by  a  coiled 
spring  (see  fig.  6).  It  will  be  observed,  that  as  the  cam  runners,  are  placed  diametrically  opposite 
one  another  as  regards  the  crank  shaft,  the  admission  valves  arc  the  reverse  of  one  another.  The 
opening  of  the  valves  is  therefore  performed  by  the  spring,  while  the  closing  of  the  valves  is  effected 
directly  by  the  cams,  and  always  at  a  definite  point,  fixed  by  the  governor. 

Fig.  8  illustrates  the  socket,  which  is  drawn  through  the  cut-off  cam  b  by  the  action  of  the 
governor,  along  the  spiral  key- way  in  the  crank- shaft.  The  cut-off  cam,  cannot  follow  the  lateral 
movement  of  the  socket  along  the  shaft,  the  two  cams  being  always  kept  together  by  the  flanged 


94 


runnere,     Tlie  result  of  this  arrangement   is,  that  the  cut-off  cam  merely  changes  its  position  in 
relation   to  the  admission  cam,  which  ia  keyed  on  next  to  the  eccentric  working  the  exhaust.     The 
cut-off  cam   has   a   small   fly-wheel  upon  it.     This  fly-wheel  j  actually  does  the  duty  of  maintaining 
a  regularity  of  motion  in  the   cut-off  cam^  so  that   no  shock  is  communicated  to  the  governor  h|H 
reason  of  the  cam  trying  momentarily  to  skid  hack  on  the  spirid  key  way. 

The   governor   sleeve   has   a  constant  lift  of  1",   hut  by   means   of  a   shifting  fulcrum  the^ 
amount  of  motion  communicated  to  the  sliding  socket  (vide  fig.  8)  may  be  varied  at  will* 

It   is   evident   that    wlien    the   fulcrum    is   nearest   the    governor,   the   engine  will   ran  at 
much   higher  speed  1)efore   the  governor  rises   to  its  normal  height,  on  account  of  the  leverage  ta' 
be    overcome.     But   when   the  fulcrum,  is   in  its   extreme   furthest  position   from  the   governor,  the 
latter  rises  to  its  normal  height,  at  a  much  lower  speed.    Should  it  be  required  to  keep  the  engine 
always   at  the   same   speedy  but  to  alter  the   power,   this  can  be  effected,  by  attaching  a  spring 
the  fulcnim  lever  inimedialety  under  the  centre  of  the  shifting  fulcrum,  when  nearest  the  governor* 
When   the   governor   rises   and  the  fulcrum  is  directly  over  the  springy  no  stretching  of  the  spring 
occurs,  but  as  the  fulcrum  is  drawn  away  from  the  spring  by  the  screw  and  hand-wheel^  the  spring 
power  increases,  in  proportion  as  the  leverage  alters.    It  will  thus  be  seeu^  that  the  actual  force  of 
lift  required  of  the  governor  will  always  remain  constant,  and  thus  a  constant  speed  is  maintained 
irrespective  of  the  power  at  which  the  engine  is  set  by  the  position  of  the  fulcrum.     It  should  be 
mentioned,  that  the  strength  of  the  spring  is  such  as  to  balance   the   increased  leverage.     The  en- 
gine was  constructed  by  Messrs.  Greenwood  and  Batley  of  Leeds. 

/.    Automatic  Variable  Expansion-gear  of  Messrs,  Oswald  Loesch  of  Zittau  and  Rickard  UderSj 

of  (Jorlitz, 

In    1877  Messrs.  Oswahl  Loesoh  of  Zittau  and  Richard  Liiders  of  Gbrlitz,  took  out  Letter 
Patent  in  Germany  for  an  automatic  variable  expansion-gear,  the  complicatedness  of  which,  will  be 
seen  from  our  Plate  XIV  figs.   1  —  5. 

To  ensure  efficient  drainage  of  the  cylinders,  the  valves  are  placed  in  pairs  at  each  aide  of 
the  cylinder-bottom.     The  valve  proper  (G)  —  vide  fig.  5  —  forms  a  three-way  cock,  and  plaoei 
the    steam-port    alternately    in   communication   with   the   main   or   exhaust   steam-pipes.      The   same 
valve-box    is  fitted   with  an  extra  segment-valve  /;   independent  of  the   valve-proper;    the  duty  oi ^ 
this   segment,  is  to  effect,  the   cutting-off  of   the    steam   under   the    action    of  the  governor.     Thfi 
external  valve-gear  is  driven  by  an  eccentric-rod  from  the  wrist- plate  A,    The  hollow  spindle  F  of  the 
valve  G  is  attaclied  to  a  lever  L  which  transfers  the  rocking  motion  of  the  gear-disc  on  to  the  fmi 
named,   by    the  usual  motion  rod.     The  axle  (/)  of  the   segment  g^   is  made  to  pass   tlirough  Uii« 
hollow  spindle,  and  similarly  receives  its  motion  intermittently  by  the  link-gear  c,  from  the  sam*] 
wrist-plate  .1.     This  is  effected  by  placing  the  point  of  suspension  (d)  of  the  niotion*rod  (r)  not  in 
rigid  connection  with  the  gear-disc  A^  but  by  adopting  the  following  mechanism,   solely   controUtfd 
by  the  governor:  A  second  wrist-plate  A^    is  mounted  on  the  pivot  m  in  front  of  the  first  ge«r 
disc  (A)\  the  toothed  segment  r^,  is  bolted  to  the  second  wrist-plate.    The  pin  Z  carries  two  additioflil 
teeth   segments  rr^   m  front  of  the  gear-disc  A^,  mounted  scissor-fashiou  under  the  sole  control  of 
the    governor;    the    last    mentioned  segments    are    arranged,    to    gear   into    the    circular   racks  UV^ 
running    loose    on  the  pins.     It  is  these  racks  which    impart    motion    to    the    segment- valves  9f\  \ 
through  the  motion  rods  ee^  and  levers  /i,;  the  pins  ild^  move  in  concentric  slots  in  the  circular  rncb 
When  the  disc  is  moving  in  the  direction  of  the  inscribed  arrow,  the  right  inlet-valve  is  opeoed  i^ 
the  admission  of  steam,    and  the  two  rods  E  and  e  obtain  a  uniform  motion:  the  angular  distant 
between  tlie  valve  proper  G  and  the  segment- valve  ^,  thus  remains  unchanged,   till  the  circnll^ 
nick  begins  to  gear  into  the  tooth-segment  r, ,  when  as  a  consequence,  the  speed  of  the  n»d  ^  '^ 
increased,  eventually  shutting-off  steam,  by  the  segment-valve  </,  closing  the  steam-port    AccorJi< 
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the  greater  or  lesser  speed  of  Uie  rolling*aetion  of  the  eircular-rack  J?,  on  to  the  tontheil  seg- 
ment r, ,  the  sooner  or  later  will  the  cut-off  of  the  steam  ensue.  With  the  return  stroke  of  the 
gear-disc^  the  segment-valve  y,  keeps  close  up  to  the  valve-proper  G^  owing  to  a  apring  .>*  pressing 
against  the  lever  h^j  and  also  on  account  of  the  play  afforded  to  the  pins  tfdi  by  the  forementioned 
circular  slots.  The  segment-valve  g  becomes  separatei!  from  the  valve-proper,  as  soon  as  the  circular- 
rack  again  gears  into  the  iixed  toothed  segment.  Daring  the  return-stroke,  the  rolling  direction  of  the 
circular*raek  becomes  naturally  reversed,  and  as  soon  as  the  disc  A  has  assumed  its  central  position 
all  the  moving  parts  of  the  valve-gear  are  in  their  original  position. 

./.  Outridge's  Box-eiigiiie. 

The  Outridge  Box-engine  as  constructed  hy  Mn  A.  P,  Postlethwaite  of  the  Runnemede  Sngi^ 
neering  Work&,  Eghara,  was  exhibited  for  the  first  time,  at  the  Smithtield  Club  Show  of  1877,  In 
its  issue  of  18*^  January  1878*  ^'Iron'*,  prohably  published  the  most  concise  description  of  this  Engine, 
so  that  we  purpose  reproducing  this  review^  along  with  the  several  minor  improvements,  which  have 
been  effected  in  the  Outridge  Patent  Engine^  since  the  notice  referred  to,  appeared.  It  in  appropriately 
termed  the  *box'  engine,  for  all  the  working  parts,  except  the  eccentric  and  valve*rod,  are  contained  within 
the  cylinder;  the  two  ends  of  the  shaft,  one  of  them  carry iJig  the  tty -wheel,  merely  projecting 
beyond.  Governor  and  feed-pump,  if  added,  are,  of  course,  fixed  outside;  hut  neither  of  these  can 
be  regarded  as  an  integral  or  essential  part  of  an  engine.  The  whole  motor  thus  occupies,  a  floor  space 
no  greater  than  thai  covered  by  its  cylinder.  Tbis  size,  which,  with  a  boiler- pressure  of  65  IK 
and   a   speed  of  320   revolutions  a  minute,   is  capable  of  developing    twenty -five   horse-power  occu- 
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Fig.  1L»().  Fin,  li^i. 

pJes  a   ground-Space    of   only    32    by    14  inches^    the    height  over  all  being  \o  inches,  and  it  weighs 
^^  more  than  abaut  IV  ,  cwt.:  tlie  diameter  of  cylinder  is  9  inches  and  the  lens^tli  of  stroke  t>  inches. 
^^  eugme,  although  actually  designed  to  drive  a  stone-breakerj  is  of  the  type  supplied  for  steam 
*uache8,  yachts,  and  gunlioats,  and  even  for  propelling  torpedoes  themselves  under  the  water. 

Our  fig.   120  and   121   afford  perspective   views   of  the  single    and  duuble   cylinder  Outridge 
^Wfl^»    Although  these  engines  are  eminently  suited  to  small  powers,  they  are  by  no  means  limited 
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to  them;  for  engines  on  thiB  plan  may  be  made  up  to  1000  horse-power,  when  they  more  closely 
attain  the  proportions  of  the  trunk  engine,  without  its  disadvantages.  In  larger  siaes,  however,  the 
erpansiou  principle  is  introduced,  in  which  the  economy  of  the  compound  engine  is  combined  with 
the  lightness  and  simplicity  of  the  single,  A  new  and  efficient  form  of  engine  is  also  manufactured 
on  this  principle.  Three  cylinders  of  the  same  diameter,  placed  aide  by  side,  may  be  worked  simply 
as  a  high-pressure  engine,  or  as  a  high-pressure  expansive  engine  at  will.  In  ordinary  working, 
the  steam  would  be  admitted  to  each  cylinder  separately;  but  when  working  expansively,  high-pres- 
sure steam  from  the  boiler  would  be  admitted  to  the  first  cylinder  only,  and  thence  expanded  into^ 
the  other  two,  when  the  full  amount  of  work,  would  be  obtained  from  the  steam;  and  this  alteration™ 
may  be  made,  while  the  engine  is  running.  In  this  form,  the  engine  is  admirably  adapted  for  tug- 
boats, and  for  any  work  where  the  power  required,  varies  greatly  and  suddenly.  H 

Fig.  122  shows  a  vertical  longitudinal  section  through  the  cylinder,  and  fig.  123  a  vertical 
transverse  section,  of  a  two-cylinder  engine  on  the  same  principle;  these  engravings  were  made 
from  the  working  drawings,  also  exhibited  at  Islington.  The  cylinders  are  fixed  in  a  very  simple 
manner,  having  feet  c^st  on  to  them,  which  serve  as  a  bed -plate*  The  hollow  piston,  which  is 
shown  in  the  position  of  half-stroke,  is  cylindrical  at  both  ends,  but  open  in  the  centre  for  givingM 
access  to  the  crank  and  its  brasses.  Indeed,  the  cylinders  themselves  have  an  opening  in  their  sid^^ 
closed  by  a  door,  which  carries  the  crank-shaft  bearings;  and,  if  one  of  these,  only  be  left  closed  so 
as  to  aflFord  a  secure  bearing  to  the  shaft,  the  other  may  be  kept  perfectly  open,  while  the  engine 
is  running.  The  motion  of  the  piston  backwards  and  forwards  causes  the  sectors,  which  are  awp- 
ported  by  links  jointed  to  the  piston,  to  roll  upon  the  inside  surfaces  of  the  piston  ends,  thus  causing 
the  crank  to  revolve. 

The  two  valves  are  actuated  by  means  of  a  rod,  to  which  tliey  are  connected  taking  on  te^ 
short  levers  securely  keyed  to  the  valve  spindle.     The   eccentric   bars  are  connected  to  the  sweeps 
by  means   of  projecting  studs,   the  whole  being  supported  by  a  bridle  rod,  or  suspension  link  (i 
such   a  term  is  applicable  when  the  metal  is  in  compression)  attached  to   a  lever  working  tliroughl 
a  sector  in  the  ordinary  manner.     By  this  lever,  the  engine  may  be  stopped,  started,  reversed,  ori 
linked  up  with  the  greatest  ease.     As  there   is  a  constant  relation,   between   the   position  of  the 
piston    and   that   of  the    eccentric,   the  valve   is  so  arranged    that   the  steam   shall   be   cut  off  at  J 
5-tentha  of  the  stroke.     Ab  the  cut-off  takes  place  at  the  middle  of  the  stroke,  when  the  "angular] 
speed"  (as  French  engineers  term  it)  of  the  eccentric  is  at  its  greatest,  and  as  this  speed  is  multipledj 
by  the  lever  attached  to  the  valve  spindle,  it  follows  that,  when  the  proper  time  arrives,  the  talftl 
is  closed  with  unusual  promptness.     The  action  of  the  valve  is  exactly  the  same  when  the  eccentricij 
are  linked  up,  as  when  they  are  working  at  the  full  admission.    Consequently  the  steam  is  admitted  1 
as  freely,  when  cut  off  at  2%-tenths,  as  when  cut  off,  at  5-tenths. 

In  the  Outridge  engine  only  Vjeth  inch  lead  is  given,  as  the  strains  are  all  compressive;  tlj€ 
engine  is  carefully  balanced,  and  the  working  parts  are  turned  up  with  accuracy.  Thus,  in  respect  to  thi 
finishing  of  the  sectors  and  their  brasses,  the  brass  is  accurately  fitted  in  its  recess  in  the  sector 
and  then  the  two  together  are  chucked  in  a  lathe,  and  the  bearing  surface  of  the  braas,  is  bored  on 
at  the  same  time,  that  the  circumference  of  the  sector  is  turned.  The  steam  begins  to  exhaust 
7%  tenths  of  the  forward  stroke,  and  the  exhaust  is  continued  for  77^  tenths  on  the  return  stroke 
thereby  effectually  clearing  the  cylinder  of  all  steam,  and  avoiding  the  great  loss  of  power,  na  .. 
the  result  of  excessive  and  injudicious  cushioning.  Although  the  same  valves,  serve  for  admifllMMl 
and  exhaust,  the  upper  face,  which  regulates  the  admission  of  steam,  has  a  smaller  area  than  W^^ 
lower  face,  which  gives  passage  to  the  exhaust.  The  feed  pump  is  bolted  on  to  a  facing  cast  oflS 
the  ride  of  the  cylinder,  the  plunger  being  worked  from  one  of  the  eccentric  bands.  The  govenmO^ 
is  placed  directly  over  the  bearings  of  the  shaft,  and  turned  by  a  small  strap  driven  by  a  pull* 
on  the  main  shaft. 
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It  will  be  seen  by  fig,  122  tliatj  for  the  distribution  of  steam,  plug-  or  rocking- valves  is 
used.  Valves  fitted  in  this  manner,  have  been  known  to  wear  remarkably  well  for  a  length  of 
tinne,  and  very  little  power  is  required  to  move  them.  Another  great  feature  in  these  valves,  is 
that  a  quick  cut-off  is  obtained;  and  the  eccentric  may  be  'linked  up*  without  the  usually  attendant 
evil  of  wiredrawing  the  steam,  which  is  common  'with  the  use  of  slide-valves.  This  is  due  to 
the  peculiar  arrangement,  for  connecting  the  levers  wuth  the  eccentrics,  the  speed  of  the  lever 
being  much  greater  at  one  point  of  the  engine's  stroke,  than  at  the  other  points.  The  valve  is 
arranged  so  as  to  cut  off  the  steam,  while  the  lever  is  travelling  at  its  greatest  speed,  and  no  matter 
whether  the  eccentrics  be  linked  up  or  not,,  the  motion  of  the  valve  is  uniform. 

The  clearance-spaces  are  reduced  to  a  small  minimum,  as  the  piston  comes  home  to  within 
an  eighth  of  an  inch  from  the  cylinder  end,  and  because  there  are  no  steam  ports,  in  the  ordinary  sense 
of  the  term.  Thus,  only  about  Vio^'^  ^^  ^^^  cubic  contents  of  the  cylinder  is  lost,  as  compared  with 
Vifth,  which  is  a  fair  average  of  the  general  practice  in  good  engines  of  the  ordinary  type;  in  this 
way  very  nearly  the  full  eftect  of  the  steam  is  obtained.  The  form  of  valve  adopted  is  also  favourable 
for  securing  the  maximum  effect,  by  aflfording  the  full  pressure  at  the  commencement  of  the  stroke; 
and  again,  as  the  cut-off  takes  place  rapidly,  there  is  little  leaking  of  the  steam. 

The  lubrication  of  the  working  parts  is  effected  by  oil  being  poured  into  the  hollow  space 

ktween  the  ends  of  the  piston  to  a  depth  of  IV?  to  2  inches,  so  that,  at  each  revolution  of  the 
gine^  the  crank-pin  is  partially  immersed;  the  splashing  caused  by  the  passage  of  the  crank -pin 
through  the  oil  eftectually  lubricates  the  sectors  and  other  working  parts  within  the  piston.  The 
oil- ways  of  the  crank-shaft  bearings,  are  channels  open  to  the  interior  of  the  piston,  so  that  the 
oil  trickling  from  the  crank-shaft  and  other  parts,  enters  the  brasses  and  effectually  lubricates  them, 
thereby  lessening  the  chance  of  a  hot  bearing,  A  lubricator  is  fitted  on  to  the  steam-pipe,  and  the 
passage  of  the  steam  carries  the  oil  along  with  it  to  lubricate  the  valve,  and  the  interior  of  the 
cylinder,  in  the  ordinary  manner.  When  this  lubricator  and  the  oil  reservoir  in  the  piston  are  once 
charged,  the  engine  may  be  run  for  twenty-four  hours,  without  attention. 

The  materials  of  which  the  engine  is  composed  are  carefully  selected  for  combining  strength 
with  lightness.    The  crank-shaft  is  bent  out  of  the  best  hammered  steel,  and  the  cylinder^  its  covers, 
the  piston,   valves,    and    all   the  other  working  parts,    are  made   of  a   very  hard,  close-grained   cast- 
iron   mixture.     All    the    pins   are  of  steel,    and  the  joints   and  eyes   case-hardened.     Although  the 
working  parts,  with  the  exception  of  the  valve-rods,  are  contained  in  the   cylinder,   and  are  closed 
«p,  80  that  no  dirt  nor  grit  can  get  in,  yet  every  part  is   readily   accessible   for  oiling,  tightening 
^p,  or  repairs.    In  fact  the  working  parts,  with  the  exception  of  the  piston,  may  be  taken  out  without 
breaking  a  single  joint,  of  which  there  are  only  two  in  the  engine.    The  parts  are  but  little  liable 
^   Wear,  with  the  exception  of  the  crank-pin  brasses;  but  these  may  be  taken  out  and  replaced  with 
ft  new  pair  by  a  labourer,  little  skilled  in  engine  work.    Very  slight  foundations  are  required;  indeed 
*'^e  engine  exhibited,  was  simply  fastened  in  two  balks  of  timber  10  inches  by  4  inches,  and  secured 
^^y    by   four   Vs"!^*^^   bolts.     This   absence  of  vibration,  is  due  to  the   fact  that  the  power  is  self- 
contaiiied,  there  being  no  outer  bearing  to  take  the  thrust  of  the  connecting  rod. 

The  chief  merits  of  this  form  of  engine,  are  that  weight  and  size  are  reduced  to  a  minimum, 
^w-ing  ^  yrjg  part«  being  so  few,  and  all  the  metal  being  in  compression  wherever  practicable; 
*nciiQual  resistance  is  the  smallest  possible,  as  the  pai-ts  are  generally  held  in  equilibrium;  and 
a^^^at  economy  is  effected  in  steam  owing  to  there  being  scarcely  any  dead  space.  Extra  large 
oeai-i^g  surfaces  are  also  afforded,  the  length  of  the  main  bearing  being  twice  the  diameter  of  the 
snaft.  The  engine  which  was  exhibited  was  fitted  with  bearings  of  patent  bronze,  which  is  much 
^'^er  than  gun-metah  The  crank-brasses,  which  are  accurately  fitted  into  the  jaws  of  the  sectors^ 
^®  Under  the  same  conditions  as  the  brasses  of  the  ordinary  connecting  rod;  and  any  wear  may 
^^Oily  be  taken  op  by  merely  giving  a  turn  to  the  set-screw,  which  is  of  large  diameter  and  very 
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fine  pitch.    This   operation,   which   may  be  performed  by  merely  removing  the  side  door  without 

breaking  any  joint,  only  takes  four  minutes  to  accomplish,  when  the  engine  may  be  started  again 

and  will  run  noiselessly. 

The  following  table  gives  some  of  the  main  dimensions  of  the  smaller  sizes  of  one  and  two 

cylinder  Outridge-engines. 

Single-cylinder  engines. 

Nominal  horse-power 2         4         6  8 

Indicated  horse-power,  with  65  lbs.  boiler  pressure   ...       6         12       18       24 

Diameter  of  cylinder 6%"    7%"     9"      11" 

Length  of  stroke 3%"    4%"     6"      6^ 

Double-cylinder  engines. 

Nominal  horse-power 4         6         10 

Indicated  horse-power,  at  65  lbs,  boiler  pressure 12       18       30 

Diameter  of  cylinders 6%"    Vj^*     9" 

Length  of  stroke 3%"    4y/'     5" 

Amongst  the  latest  improvements  brought  to  bear  on  the  Outridge  Box- engine,  may  be 
mentioned,  the  use  of  one  broad  packing  ring  in  place  of  the  three  Ramsbottom  packing  rings, 
formerly  used.  An  improved  method  of  set-screw  for  adjusting  the  crank-brasses,  has  also  been 
introduced;  by  this  method  a  long  set-screw  is  used,  which  is  put  in  at  the  back  of  the  crank- 
brasses,  and  is  held  securely  by  a  lock  nut  on  the  interior  of  the  rolling  end  of  the  sector.  Lastly 
a  different  method  of  supporting  the  sectors  has  also  been  lately  introduced. 


3.     Engines  working  with  two  pistons  and  balanced  Eocking-valves. 

Type:  P.  Hlnbek  of  Vienna. 

The  modem  engine-type  designed  by  Mr.  P.  Hlubek,  Managing  Engineer  of  the  Machine  and 
Waggon- works  Go.  Lim.  of  Simmering  near  Vienna,  also  works  with  rocking  valve -gear,  and  is 
moreover  fitted,  with  such  an  ingenious  mechanism  permitting  a  very  exact  automatic  range  of 
expansion,  as  to  entitle  it  to  a  place  amongst  engines  working  with  self-acting  variable  cut-offis. 

It  is  not  asserting  too  much,  in  affirming  that  this  valve-gear  as  well  as  the  entire  arrange- 
ment of  the  engine  displays  much  that  is  new;  our  Plate  26  will  confirm  this  assertion.  The 
novelty  of  this  valve-gear,  lies  chiefly  in  the  original  arrangement  of  the  admission  and  exhanst 
of  the  steiun,  taking  place  in  one  valve,  as  well  as  in  the  use  of  cam -discs  peculiarly  placed  under 
the  control  of  the  governor. 

The  longitudinal  section  fig.  4  and  transverse  sections  fig.  6  on  Plate  26  show  that  the 
interior  of  the  valves  are  longitudinally  divided  into  two  separate  steam-tight  chambers,  the  one  (e) 
of  which  is  for  the  admission  and  the  other  (a)  for  the  exhaust-steam.  The  first  named  is  furnished 
with  open  seatings,  for  allowing  the  steam  to  pass  from  the  lateral  steam-channel  —  vide  fig.  4.  — 
The  alternate  gliding  of  the  longitudinal  slots  of  the  chambers  e  and  a  over  the  cylinder-ports^ 
effect  the  distribution  of  the  steam.  The  lower  slot  of  the  chamber  e  is  for  balancing  purposes, 
whilst  the  corresponding  slot  of  the  compartment  a  conununicates  with  the  exhaust  passage.  The 
packing  of  the  valve -seating  is  effected  longitudinally  by  cast  iron  rings  pressed  against  their 
sides  by  disc  and  springs;  whilst  radially  a  steam-tight  contact  is  obtained  by  a  wedge  of  longi* 
tudinal  traverse,  which  is  pressed  by  springs  against  two  checks,  thus  forcing  out  the  latter.    The 
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ile  is  made  flat  where  attachefl  to  the  longitudiual  partition,  whereas  it  is  of  cylindrical 
form  when  passing  through  the  s tufting  box;  the  one  end  of  the  valve-spiiidle  carries  a  small  crank 
bent  upwards  and  furnished  with  a  conical  roller  —  vide  fig;  5.  —  This  roller  h  placed  between 
two  corresponding  tappet- discs  iS%S\  mounted  on  the  gearing  axle  which  is  driven  at  the  same  speed 
as  the  main  shaft.  The  inner  surfaces  of  these  tappet-discs,  form  inclined  planes,  which  push  the 
crank  o  to  and  fro;  this  alternate  motion  imparts  a  rocking  movement  to  the  valves,  or  effects  the 
distribntioii  of  steam  to  the  c}'linder,  inasmuch  as  the  tappet  n  of  the  disc  determines  the  period  of 
cut-off,  whilst  a  larger  tappet  determines  the  beginning  of  the  exhaust  On  the  other  hand»  the 
tappets  of  tlie  disc  Sj  cause  the  contrary  movement  of  the  valve,  and  with  it  the  beginning  of 
compression-period,  and  eventually  the  commencement  of  admission-  In  fig.  13  (plate  2id)  we  have 
represented  the  contact-surface  of  a  pair  of  these  tappet-discs  unrolled  on,  or  reduced  to  a  flat  plane; 
the  upper  and  lower  outlines  of  fig,  13,  correspond  respectively  to  the  right  and  lift  tappet-discs 
{Si  and  Sy  A  'variable'  expansion  is  obtained  by  rendering  the  tappet  n  which  determines 
the  beginning  of  expansion  or  actual  shut- off,  so  adjustable  that  during  the  rotation  of  the 
gear -axle  it  may  come  sooner  or  later  in  contact  with  the  crank  of  the  valve -spindle;  this 
range  of  the  tappet-adjustability  is  shewn  in  our  fig.  13,  from  n  to  n^  The  last  named  wood-cut, 
Aows  an  analogous  projection  l^  which  comes  into  play  with  the  reversing  of  the  engine,  though 
the  latter  is  of  no  moment  when  the  engine  is  working  in  the  direction  of  the  inscribed  arrow. 

The  tappet  or  projection  Ji  of  the  disc  *S'  is  adjusted  by  the  governor  in  the  following 
iiiaimer.  The  foremontioned  gear- axle  w  carries  behind  the  tappet-disc  S  a  loose  toothed  wheel  t 
^  which  the  tappet  or  projection  n  is  rigidly  screwed;  this  wheel  is  driven  from  a  spur  wheel  #, 
Counted  on  what  we  may  call  the  eximnsion-shaft  u\.  In  order  that  the  wheel  t  may  rotate  in 
^e  same  direction  as  the  gear-axle  Wy  the  expansion  shaft  u\  will  have  to  rotate  in  the  contrary 
*^tee;  in  this  sensei  we  should  obtain  a  uniform  shutting  off  of  the  steam.  If  however,  the  ex- 
Wns ion-shaft  u\  is  driven  momentarily  at  a  quicker  or  slower  speed,  than  the  gear-axle  U',  the 
^eia,^ive  position  of  the  tappet  or  projection  n  will  become  changed,  and  come  in  contact  at  a  dif- 
*efexi.t  period  with  the  valve-spindle  crank.  The  reader  will  find  in  oiir  fig.  7,  a  graphical  demonstration 
'^  tlxe  somewhat  complicated  mechanism,  by  which  the  governor  determines  the  revolving  speed  of 
expansion  shaft.  The  spur-wheel  s  keyed  on  the  shaft  v  driven  from  the  crank-aliaft,  drives  the 
*axle  w.  The  expaniiou- shaft  w^  fits  loose  in  the  boss  of  the  wheel  s^  the  coupling  being 
ffec^^t^  as  follows:  The  disc  {h)  cast  in  one  piece  with  the  boss  of  the  wheel  ^,  has  two  supports 
^^y  attached  to  it,  which  carry  a  small  worm-^haft  c;  this  worm  (e)  is  made  to  gear  into  a 
'^^^^^sponding  wheel  i\  keyed  on  tlie  expansion  -  shaft  (ti\):  in  this  manner  the  expansion -shaft  is 
oro^  to  move  according  to  the  rotation  of  the  disc  h  or  the  shaft  v.  The  shaft  c  carries  a  second 
^<>*"Xii  wheel  f,  which  receives  its  motion  from  a  worm  mounted  on  another  shaft  g  similarly  carried 
"J  tile  disc  ft;  a  toothed  wheel  h  is  keyed  on  the  end  of  this  shaft  /;  able  to  revolve  freely  between 
^^  spur-wheels  k  and  t.  The  whole  of  this  mechanism  is  eased  in  a  box,  which  though  prevented 
froUx  taking  part  in  any  rotary  movement  is  able  to  move  sideways  according  as  it  is  pushed  by 
tae  lever-combination  actuated  by  the  governor  (vide  fig.  5),  The  toothed  wheels  k  and  i  are  rigidly 
'^^Hected  with  this  box,  and  according  to  the  lateral  movement  of  the  latter,  the  pinion  h  will 
i^^^  into  one  of  these  wheels,  so  causing  the  shifting  of  the  expansion  shaft  u\  in  addition  to  its 
revolving-motion;  the  desired  degree  of  variable  expansion  is  thus  attained  by  this  double  movement. 
^  Order  to  keep  the  action  of  the  governor  on  the  projections  n  within  certain  limits,  the  ratio 
'^^Vireeu  the  worm-wheel  q,  and  the  worm  €  is  so  chosen,  that  the  two  become  automatically  dis- 
^gaged,  when  the  extreme  range  of  expansion  is  attained.  Two  spiral -springs  are  used  for  re- 
^^<ii!ting  tlie  coupling,  and  these  are  placed  at  each  end  of  the  worm  c;  when  disengagement  ensues 
^jjlier  the  one  or  the  other  of  these  springs  becomes  compressed,  the  resulting  counter-pressure  re- 
the  working  into  gear  of  the  worm  and  wheel. 
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The  governor  is  driTen  by  bevel-gearing  from  the   shaft  t>;    to   economise   space 
are   inTerted,    80   shortening  the  length  of  the  governor  spindle  and  of  its   suspension- rod 
governor  is  fitted  which  compensating  weigths,  and  its  normal  speed  may  be  varied  either  by  shifting 
the  coimterweight  or  by  shortening  or  lengthening  the  leverages. 

The  engine  has  the  following  reversing-gear  attached  to  it:  The  shaft  v  consists  of 
parts,  one  end  of  which  has  a  helical  whilst  the  other  has  a  straight  groove  or  slot  in  its  surft 
when  the  collar  which  slides  in  these  grooves,  is  worked  by  the  reversing  lever  shewn  in  our 
elevation  fig.  1  and  2  (Plate  26j,  the  shaft  v  is  turned  round  about  180"^  causing  a  change  in  the 
distribution  of  steam  to  the  cylinder,  corresponding  to  the  reversing  of  the  engines* 

The  working-principle  of  these  engines,  embodies,  as  we  have  already  seen,  an  entirely  new 
system,  the  chief  characteristics  of  which  may  be  said  to  consist  in  the  coupling  of  two  pistons 
working  in  one  cylinder,  with  cranks  set  at  60^  to  each  other,  with  a  threefold  admission  of  steam 
for  every  engine-revolution.  It  should  however  not  be  forgotten,  that  engines  working  with  two 
pistons  running  in  contrary  directions  in  one  cylinder,  have  been  proposed  and  tried  by  several 
inventors,  and  in  one  case  (according  to  The  Engineer)  even  as  a  locomotive.  The  details  have  been 
variously  disposed,  as  by  employing  the  double  piston,  two  principal  advantages  are  gained,  namely 
great  steadiness  in  the  running  of  the  engine,  and  double  the  power  with  very  little  extra  space^ 
the  increase  in  the  space  occupied  by  the  engine,  being  very  little  more,  than  that  of  the  extra 
length  of  the  cylinder.  The  weight  of  the  engine  is  thus  much  less  than  ordinary  double- cylinder 
engines  of  the  same  power.  Several  minor  advantages  are  secured  from  the  balance  principle  — 
as  for  instance,  the  pressure  on  the  crank-shaft  bearing  is  for  a  considerable  part  of  each  revoluti0^fl 
almost  nil.  These  bearings,  are  therefore  not  so  liable  to  heat  or  cut,  and  the  friction  is  ia^ 
several  parts  less,  than  in  ordinary  engines. 

In  the  Hlubek-engine,  the  fore-piston  is  connected  in  the  usual  manner  with  its  piston-rod, 
cross-head  and  connecting  rod  to  a  middle  crank  working  on  the  main-shaft.  The  hind-piston  hai 
its  piston-rod  protruding  through  the  hind-cylinder  cover;  working  on  to  a  cross-beam,  the  piston- 
motion  is  transferred  by  suitable  guide-rods,  arranged  at  the  cylinder-sides,  on  to  two  cross-headi 
connected  in  the  ordinary  style  to  two  outside  cranks  on  the  same  driving-shaft.  The  valves^  formed 
as  already  described,  are  placed  under  the  three  cylinder -ports,  the  middle  one  of  which  is  made 
sufficiently  largo  (fig.  3),  so  that  it  may  not  be  covered  at  each  stroke  commencement  by  the 
corresponding  piston;  but  as  this  clearance  space  is  symmetrically  arranged,  the  hind-piston  i» 
compelled  to  remain  in  front  of  the  other  end  of  the  port,  in  order  to  separate  the  central  ad- 
mission of  steam  from  the  cylinder  space  behind  the  piston.  For  this  reason,  the  pistons  are  made 
somewhat  longer  than  usual. 

To  elucidate  the  steam -distribution   as   well  as   the   working   principle    of  this   engine^  wi 
have  sketched  the  main  piston-positions  in  fig.  8 — 12  (Plate  26).    In  fig.  8,  the  pistons  arc  reprei 
in  their  nearest  approachment  to  each  other,   the  admission  is  taking  place  through  ports  h^ 
exhaust  through  port  a,  and  consequently  the  pressure  on  the  crank  k  is  annulled  whilst  the  crank  l^ 
is  in  its  must  effective  position.    In  fig.  9,  the  crank  k  is  on  its  dead-centre,  steam  is  entering  through 
ports  bj  and  emission  is  taking  place  through  ports  a  and  c;  botli  pistons  are  working.     In  fig.  U\ 
the  crank  Ar,  is   on  its  dead  centre,  admission  is  taking  place  through  ports  a  and  b,  whilst  port  c 
is  exhausting;  the  crank  k  is  in  its  most  advantageous  position.    The  last  named  has  arrived  on  ii* 
opposite  dead-centre  in  fig.  11,   steam  is  entering  at  a  and  c^    whereas    port  b  is  exbausting,  whilst 
bath  pistons  are  working.     In  Fig.  12,  the  crank  i\  is  similarly  on  its  other  dead-centre,  the  port  ^ 
iJi  admitting,  whilst  ports  a  and  b  are  exhausting;   crank  k  is  working. 

Wc  may  conclude  from  this  description,  that  a  most  uniform  transmission  of  power,  is  tbo^ 
attainiH],  inasmuch  as  pressure  is  exerted  on  both  pistons,  when  the  two  cranks  are  nearing  th^f 
change  of  piston-motion,  though  they  are  then  exerting  little  rotative  force  on  account  of  tbe  soi^ 
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erftnk-Iever-age*    If  ou  the  contrary,   the  cranks  are  approaching  the   poaition  corresponding  to  the 

largest  crank-leverage,  then  the  pressure  on  the  one  piston  is  annulled. 

The  advantages,  resulting  from  the  application  of  this  engine -type,  may  be  summed  up  as 
follows: 

Working  with  no  actual  dead-centre  eifect,  a  remarkable  uniform  motion  is  attained,  enabling 
the  starting  of  the  machine  at  any  portion  of  the  stroke* 

The  partial  equalisation  of  the  steam -pressure,  coupled  with  the  advantageous  positions  of 
the  cranks,  dispenses  with  the  need  of  solid  masonry  foundations,  balks  of  timber  framed  together, 
being  all  the  foundation  required. 

Economy  of  standing-room  required,  and  reduction  of  weight  as  compared  with  other  engines 
of  equal  power.  Another  advantage,  equally  important^  is  the  admissibility  of  high -pressures  with 
early  cut-offs  of  0.05  and  0.07  stroke  for  small  and  high  engine  speeds  respectively,  whilst  the 
uniformity  of  speed  and  rapidity  of  cut-off,  enables  the  engine  to  be  run  at  high  speeds. 

The  practical  tests,  instituted  by  Mr.  L,  Schlu  and  Professors  J,  Radingor  and  H*  Lude- 
wig,  —  under  whose  supervision  one  of  these  engines  of  11''  (280  mm.)  cylinder-bore  and  22** 
(560  mm.)  stroke,  was  tested  under  the  brake  and  indicator,  —  are  probably  the  most  favorable  ever 
yet  recorded  of  a  steam-engine  of  equal  size.  These  trials  were  conducted  at  the  Simmeringer  Machine 
&  Wagon  Works,  and  the  last  mentioned  engine,  shewed  under  the  brake  an  effective  horse -power 
of  18,038,  the  sum  of  the  indicated  power  was  22,  21,  so  that  the  working  capacity  of  this  engine 
showed  0.81,  taken  with  high -pressure  indicator-diagrams  with  3%  atmosph.  pressure  in  the 
valve-chest. 

One  of  these  engines,  is  driving  by  belting,  part  of  the  tools  of  the  forementioned  works 
since  1874,  without  having  yet  required  any  special  foundation. 

The  cross-beam,  is  shown  arranged  for  taking  up  the  air-pump  piston.  The  engine  bed,  is 
'^tat  in  two  pieces,  namely  the  valve-chest  to  which  the  cylinder  is  bolted,  whilst  the  slide-bars  and 
^mnk-shaft  pedestals  etc.  are  bolted  to  the  other  portion  of  the  bed.  The  air-pump  is  driven  direct 
from  the  crank -shaft.  The  steam  supply -pipe,  274"  (T2  mm.)  in  diam.  (or  '/15  the  cylinder  cross- 
area)^  passes  round  the  side  of  the  cylinder,  and  branching  off  on  account  of  the  central- valve,  it 
enters  the  horizontal  steam-passage  communicating  with  the  three  valves.  The  exhaust- passage,  is 
plaoed  under  the  whole  width  of  the  valves,  and  leads  into  a  steam -pipe  of  3%"  (10(*  mm)  diam. 
{%  the  cylinder  cross-area). 

Our  Plate  26,  renders  a  further  description  of  the  engine  details  unnecessary. 


4.   Engines  workbig  with  balanced  Rotary-valves. 
a.  Dingler's  Machine  Works,  Zweihriickeii, 

Type;    L,  Ehrbardt. 

The  opinion  has  been  expressed,  that  of  all  the  engines  exhibited  at  the  International  Ex- 
kilitiou  of  Vienna,  none  created  greater  interest  than  the  one  exhibited  under  the  name  of 
tne  *Dingler-engine',  fitted  as  it  was  with  a  valve-gear  patented  by  Mr.  L.  Ehrhardt,  the  then 
^•^Jtging  Engineer  of  Dingler's  Machine  Works. 

As  this  engine  is  already  largely  known,  we  have  merely  illustrated  it  on  Plate  XV;  the 
^OFking  principle  is  represented  in  the  annexed  fig.  124  and  125  and  fig.  4  and  5  (Plate  XV).  The 
"^gli-  and  low-pressure  cylinders  are  cast  together;  their  pistons  Jcki  are  connected  in  the  usual 
^timer  to  cranks  KKi  set  at  180"  degrees.    The  crank-shaft  is  carried  on  two  pedestals,  outside  of 
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which  two  flywheels  are  moanted  for  traissinittiug  the  engine -power  by  belting.  The  valves  Oi 
shewn  in  the  annexed  woodcuts,  ore  represented  in  the  same  position  in  fig.  4  and  5  (Plate  X^ 
St-eani  is  entering  through  the  valve  G^y  forcing  the  pin  ton  k  forward^  whereas  simultaneously  th^ 
same  valve  is  exhausting  the  expanded  steam  from  the  low  pressure  cylinder,  into  the  condenser  ^ 
The  valve  G  effects  the  direct  passage  of  the  steam  from  one  cylinder  to  the  other. 

The  tapered  valves  are  placed  under  the  cylinder,  in  an  inclined  position;  they  are  worked 
from  a  shaft,  parallel  with  the  engine-centre.     The  construction   of  tliese  double -valves  may  be  re- 
ferred  to   the  longitu- 
dinal  and  cross-sections, 
shewn   in    hgs,  6  — ^13* 

^^^  _  ^  It  will  be  seen  that  all) 

Kt*v;     V*'  Is.  .rli        lO^r  i^\^^^^  the  steam- way  8  are  sym^ 

metrically  arranged,  io^ 
order  to  balance  the 
valve  and  to  obtain  suf- 
ficiently large  areas; 
is  true  the  valve  expe 
riences  an  axial -thrust 
;>/),  which  is  however 
taken  up  by  the  end- 
seating.  The  steam  from 

Fig.  Its.  L I         the    boiler,    enters   th 

valve- chest,  through  thi 
;  Si  j  steam-jacket     wi,     and 

may     pass     into 
cylinder    in  two  different  ways,   as    shewn    by    the  inscribed   arrow.     According   as  the   lap  is  fixe 
upon,  HO   a  certain   rate   of  expansion  is  obtamed  for  the  two  cylinders  A"i'j.     The  inside  valve 
is  worked  direct  from  the  governor,  thus  resulting  in  an  *  automatic  expansion -gear'.     The  ^eut*ofl 
of  the  external  valve  as  drawn  on  Plate  XV  answers  to  0.65  stroke  in  the  high- pressure  cylindei| 
and  the  earliest  automatic  cut- off  effected   by   the  internal  valve   is  fixed  at  Vgo  stroke*     The 
ratio  of  expansion  takes  place  at  %  stroke,   in  the  high*pressure  cylinder,    whilst   that    of  the  h 
pressure  cylinder  is  always  equal  to  0.65  stroke. 

With  a  high  and  low  pressure  cylinder-diameter  of  5''  and  10"  (125  and  250  mm.) 
a  1'  7V^*'  (500  mm.)  stroke,  the  engine  is  nm  at  115  revolutions  per  min.  with  a  boiler-press 
10  atm.,  whereby  a  mean  piston-speed  of  6'  2**  (1.9  m.)  per  sec.  is  obtained. 

The  cylinder-piston  shewn  in  section  in  tig.  14  (Plate  XV)  is  accurately  fitted  in  the  cylini 
without  any  packing  rings.  The  Hy -wheels  are  each  5'  3''  (1600  mm,)  in  diameter  and  4*/*^ 
(120  mm.)  on  the  face.  The  diameter  of  the  air-pump  is  474''  (125  mm.);  its  stroke  ia  7 
(IBO  mm.). 


Krr 


A.  The  HRlteuherg  Ironworks  Co.  of  Klagenfurt. 
Type:    A.  Muail. 

The  valve-gear,  designed  by   Mr.  A.  Musil  of  Klagenfurt,   is   similar  to   the  fihrhardt 
in  it»  working  principle,  inasmuch  as  both,  use  a  rotating  valve,  and  a  tixed  expansion  valve,  ent 
dettending  on  the  governor.    The  similarity,  however,  ceases  here;  for  the  two  types  differ  materiall 
from  each  other  in  their  constructive  details. 

Thf   reader  will   Hnd   this   engine   illustrated  on  Plate  27,    figs.  1   and  2  giving  us  Hide-i 
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yatioiis  of  this  engine,  with  special  regard  to  the  valve-gear  on  both  sides  of  the  cylinders  and 
Bg.  3  is  a  plan  of  the  whole  arrangement;  in  figs.  4  and  5  we  have  sections  through  the  cylinder 
drawn  to  an  enlarged  scale,  and  the  constructive-details  of  the  valves  are  shewn  in  figs.  0—8. 

It  will  be  seen  that  two-vaWe  chegta  are  bolted  to  the  bottom  side  of  the  cylinder,  each 
of  which  receive  the  boiler-steam  for  the  cylinder,  as  well  as  the  exhaust-steam,  in  the  manner 
shewn  by  the  inscribed  arrows  in  fig,  5.  The  valve  is  balanced  by  the  opposite  position  of  the 
slots  or  steam -way  s^  and  on  account  of  the  arrangement  of  double  chambers  aa  and  ee  (fig.  6)  the 
valve  is  only  required  to  make  half  a  revolution  for  every  revolution  of  the  crank -shaft  The 
chambers  aa  of  the  tapered  distributing  valve,  are  open  towards  the  exhaust-side,  and  so  place  the 
cylinder  in  communication  with  the  exhaust-pipe,  as  shewn  by  the  inscribed  arrows  in  figs,  5  and  7. 
Admission  of  the  steam,  takes  place  from  the  other  side,  throngh  the  expansion-valve  openings  iiii 
(figs,  5  and  8),  Owing  to  the  symmetrical  arrangement  of  these  steam -passages,  the  valve  is 
entirely  balanced  both  in  a  radial  and  in  an  axial  direction,  so  that  the  governor  in  working  the  valve, 
has  only  to  overcome  the  resistance  offered  by  the  stuffing-box.  The  workmg  of  the  valve  can  be 
easily  inferred  from  fig.  6.  In  the  position  that  the  valve  is  drawn  in,  the  crank  is  on  its  dead 
centre  (vide  fig,  4);  the  valve-edge  r,  has  opened  the  steam-passage  at  its  two  outlets,  to  the  extent 
of  the  lineal  lead,  and  when  rotating  in  the  directions  of  the  inscribed  arrow^  it  remains  open,  till 
the  valve-edge  c^  has  shut-off  the  port;  expansion  now  takes  place,  but  on  account  of  the  piston 
being  already  nearly  at  its  stroke-end,  the  admission  of  steam  takes  place  almost  during  the  entire 
stroke.  If  the  valve-edge  d  passes  over  the  jjort,  then  the  cylinder  is  in  direct  communication 
with  the  exhaust-pipe,  through  the  openings  flfl,  remaining  thus,  till  the  valve-edge  d^  closes  the 
port;  by  this  time  the  crank  is  i^ain  on  its  dead-centre, 
and  the  working  of  the  valve,  as  just  explained,  is  re- 
peated. According  to  the  ratio,  existing  between  the  width 
of  the  ports  and  the  width  of  the  valve-edges,  the  periods 
of  admission  and  emission,  as  well  as  the  duration  of  ex- 
pansion and  compression,  may  be  fixed  at  will.  The  duty 
of  the  automatic  expansion-valve,  is  to  close  the  steam-pas- 
sages gg,  so  that  the  steam  in  the  chambers  ee  may  only 
similarly  expand.  In  figs,  9  —  13,  we  have  shewn  the  po- 
sition of  the  expansion-valve  for  various  ^cut-otfs^  and  these 
diagrams  prove  that  automatic  cut-off  may  ensue,  at  almost 
all  periods  between  0.0  stroke  and  full  stroke. 

To  still  further  elucidate  the  working  of  this  valve- 
gear,  we  append  the  annexed  diagrams  —  figs.  12G  and 
127  —  relating  respectively  to  the  steam-admission  and 
exhanst.  The  curves  A(j  and  A^g^  described  by  the  valve- 
edges  c  and  d  are  equal  to  each  other,  because  the  ividth 
of  the  port  is  equal,  or  e  =  a.  For  the  same  reason  the 
curves  ik  and  ijt^  described  by  the  valve-edges  c^  and  rf^, 
are  also  equal.    The  curves  h^  Ag  /%  and  A^  show  the  con- 
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tractions  and  the  shutting-off  of  the  ports  gg^  corresponding  pig.  12c.  ng.  m, 

with  different  positions  of  the  expansion-valve* 

According  to  the  indicator-diagrams  taken  ofl:*  this  engine,  of  IW/'  (265  mm.)  cylinder-bore, 
and  1'  10"  (550  mm.)  stroke,  the  working  of  the  valve-gear  is  very  uniform,  for  speeds  varying  from 
60  to  120  revolutions  per  min.;  the  mean  piston-speed  varies  accordingly  from  3-  8"  (LI  m.)  to 
7'  4"  (2,2  m.)  per  second;  all  under  the  assumed  boiler-pressure  of  78  lbs.  (5.2  atm.)  per  sq.  in. 
The  steam  and  exhanst  pipe  are  each  5'4  X  7a"  (140x25  mm.),  or  Vira  the  piston  area. 


UblAud  'Tolhi  QaeU|   CorliHK-fiugiiioii. 
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The  remaining  congtructive-details  may  be  kiferretl  from   our  Plate  26^  where  all   the  di* 
mensions  are  inscribed,   though   we  may   add   that  the   Porter   goveroor   used^  is   driven   by   bevel- 
wheels   from  the   valve  gear-rod  at  equal  speed  as  the  crank-shaft,  and  that  with  a  collar  slide  of] 
SVa'^  (80  mm.)  the  governor  can  regulate  automatic  cut-off  up  to  7io  stroke. 


c.    Machine  &  Wagon  Works  C(i.  Lim.  of  Simmer  ins  ^^"^^  Vienna. 

Typo:  Kadinger. 

Prof.  *J.  J.  Radinger  of  Vienna  has  designed  a  rotary  valve  specially  adapted  for  high  speed 
engines,   which    made    its    first    public    appearance 


at  the   Vienna   International   Exhibition-     This 


arrangement  is  shown  on  Plate  28,  figs.  1  and  2  shewing  an  engine  so  fitted  in  side  elevation  and 
plan;  tig.  3  is  a  longitudinal  section  through  the  cylinder  and  valve-chest,  and  in  figs.  4  and  5  we 
have  drawn  the  valve-gear  in  section,  on  an  enlarged  scale.  The  steam  is  distributed  by  four  valves, 
the  external  pair  of  which  regulate  the  exhaust,  whilst  the  other  two  telescope  into  each  other  and 
determine  the  admission  and  degree  of  variable  expansion.  The  steam  enters  through  the  top  and 
bottom  of  the  valve,  whence  it  passes  through  certain  openings  into  the  cylinder -ports.  These 
openings  are  arranged  diametrically  opposite  each  other,  for  thoroughly  balancing  the  valve^  and 
on  account  of  the  cylinder-ports  being  at  right  angles  to  each  other,  the  valve  is  only  required  to 
make  half  a  revolution  for  every  revolution  of  the  crank.  The  valve-spindles  are  attached  to  threi* 
pinions  gearing  into  each  other,  the  central  one  of  which  is  driven  by  bevel-gearing  worked  from 
tJie  crank-shaft;  these  valve-spindles  are  carried  through  the  valve-chests  and  are  kept  steam-tight 
by  the  stuffing-boxes  shewn  in  our  sheet  of  working  drawings. 

In  order  to  make  the  eut-ofl'  rapid  and  exact,  the  timer  or  expansion-valve  is  made  to  re- 
volve in  an  opposite  direction  to  the  outer  distributing  valve.    We  have  represented  the  position  of 

this  double-valve  in  fig.  128  when  the  admission  is 
beginning,  whilst  fig.  129  illustrates  the  position  of  the 
valves  when  the  admission  is  about  ceasing  with  a  cut- 
off at  %  stroke.  The  inlet •  ports  are  marked  with  ee^ 
G  is  the  admission  and  G^^  is  Uie  expansion-valve. 

This  expansion- valve,  mounted  on  the  prolonged 
governor-spindle,  receives  as  aforesaid,  a  contrary  revol- 
ving direction  to  the  outer  valve,  which  motion  is  ob- 
tained by  driving  it  from  the  lowest  bevel-wheel  6  shewn 
in  fig,  1,4  and  5.  The  rising  or  falling  of  the  governor-coUai',  causes  the  expansion-valvo  to  shutr 
off  sooner  or  later. 

To  compensate  for  the  wear  and  tear  between  these  two  valves,  and  to  facilitate  their  ad- 
justability these  may  be  lowered  or  raised  towards  each  other  by  turning  a  worm-wheel  f  carried 
on  the  governor-pedestal  at  d\  the  governor-spindle  may  be  also  adjusted  by  the  screw  and  lever 
combination  shown  supporting  its  socket  in  fig.  4  (Plate  28). 

The  ten-horse  engine  exhibited  was  lOVi'^  (2G5  mm.)  in  cylinder  bore  and  had  a  2^ 
(63<)  mm.)  stroke, 

d.   Emmerich  Machine  Works,  Emmerich  on  (lie  Rhine. 

The  annexed  wood-cut  fig.  130  shows  an  engine  titted  with  rotary-valves  and  constructed  by  tho 
Emmerich  Machine  Works.    The  details  of  this  rotary  valve  are  represented  on  Plate  IX,  figs,  4 — 6. 
The    distribution  of  the  steam  is  effected  by  this  single  valve^  and  according  as  it  is  shifted  longi*j 
tudinally  by   tlie  action  of  the  governor,  a  variable  expansion  is  obtained.     Tliis  valve  is  arranged  j 
on  the  top  of  the  cylinder,  and  its  spindle  is  worked  by  wurm  and  wheel  from  Uie  crank-disc*    OufJ 
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figB.  5  and  6  on  Plate  IX  gire  us  a  longitudiiial  and  transverse  section  of  this  valve,  whilst  in  fig.  6, 
we  give  the  valve-surface  reiluced  to  a  plane  in  relation  with  the  cylinder-ports.  The  inner  surface 
of  the  valve-chest  is  furnished  with  two  rectangular  openiugs^  (e  for  the  exhaust,  a  fur  the  inletj,  and 
with  two  other  paasages  C  and  D  leading  to  the  cjlinder-ends. 

Similarly  the  valve-surface  when  iini'oUed^  shows  —  vide  tig.  4  —  four  rectangular  openings 
E  connected  with  four  steam- 
ways  G  in  the  valve-interior, 
and  also  the  four  openings 
F  in  communication  with  the 
four  steam- ways  II. 

On  account  of  the 
quadruple  arrangement  of 
these  steam-passages,  for  eve- 
ry crank-revolntion,  the  valve 
only  makes  one  quarter  of  a 
revolution. 

With  the  uniform 
rotation  of  the  valve,  the 
steam  at  one  time  passes  from 
eFH  into  the  cylinder -port 
C,  whilst  at  another  time, 
it  enters  the  port  C  from  e  EG]  in  accordance  herewith,  the  exhaust  is  alternately  placed  in  com- 
munication with  the  cylinder- ports  C  and  D, 

The  shifting  of  the  valve  in  it8  axial  directions,  can  ensue  without  in  any  way  disturbing 
the  inlet  or  emission  of  the  steam,  on  account  of  the  rectangular  form  of  the  passages  running 
parallel  to  the  valve-axis.  The  inclined  direction  of  the  passages  C>  D,  G^  H^  vary  the  time  of  cut- 
off, and  80  give  us  the  variable  expansion* gear. 


Fig.  i:mi. 


IIL   Steam-eigiiies,  working  with  Cirealar-valves  of  tlie  firid-irou  type. 
1.     Fitted  with  rotary  Oirciilar-valves. 

iL  Bretherliooil  &  Harrtingrliam,  London. 

Although  the  circular -valve  has  now  little  right  to  lay  any  claim  to  special  novelty,  still 
It  is  only  in  recent  years  that  it  has  attained  a  certain  importance  on  accoimt  of  its  being  adopted 
for  various  noted  engine -types*  It  possesses  the  advantage  of  great  simplicity  in  its  construction 
and  in  its  working,  but  equally  shares  the  defect  of  uneven  wear  and  tear,  which  renders  it  difficult 
to  retain  it  in  unimpaired  working  order;  for  these  reasons  the  circular-valve  is  mostly  introduced 
in  snch  types  of  high*speed  engines,  where  economy  in  the  consumption  of  ateam  is  deemed  of 
secondary  importance. 

The  circular-valve  diflfera  from  other  rotary-valves  only  in  its  form,  but  not  in  its  working- 
principle. 

Probably,  the  three  cylinder  engines  of  Messrs.  Brotherhood  &  Hardingham  of  Loudon,  have 
done  more  to  disseminate  the  circular-valve,  than  any  other  engine  type.  It  is,  in  fact,  admirably 
suited  for  these  engines,  since  leakage  of  steam  is  of  little  consequence,  with  such  heavy  steam* 
consumers. 


108 

These  original  gteani-motorSy  which  are  particularly  adapted  for  the  direct  driving  of  Craffi^ 
fagal-piimps,  Circular-saws,  Electric  and  other  machines  requiring  high  speeds,  became  chiefly  known 
in  Germany  through  the  Vienna  Exhibition,  though  they  are  there  used  less^  than  in  England^  Franc^ 
and  Belgium* 

The  reader  will  find  one  of  the  older  types  of  the  Brotherhood  engines  with  7'-  (180  mm,) 
cylinder  bore,  and  5%"  (150  mm*)  stroke^  illustrated  on  Plate  25,  fig.  6 — 8,  whikt  a  later  construo' 
tion  of  Peter  Brotherhood  of  Liondon  is  shewn  in  fig.  6 — 10^  Plate  XI Y. 

Referring  to  the  older  type  (Plate  25,  fig.  6—8)  the  cylinders  are  cast  in  one  and  are  set 
at  an  angle  of  120^  to  each  other.  The  space  between  the  cylinders  is  taken  up  by  the  crank  i4i 
which  all  the  three  eylinder-piRtons  are  attached;  the  two  end-covers  of  this  space  form  steam-tight 
siuilfing* boxes  for  the  crank-shaft,  because  tke  steam  is  continually  entering  this  central-space  and 
forcing  the  pistons  outwards,  as  soon  as  these  pistons  are  only  counteracted  by  atmospheric  prea- 
sure.  A  circular-yalTe,  worked  direct  from  the  crank-pin,  effects  the  distribution  of  steam  in  a  very 
simple  maimer.  The  Talve-seat,  is  furuahed  with  three  equal  ports,  leading  each  to  the  npper 
cylinder-portions.  The  vaWefac^  has  a  carity,  which  places  tlia  eentral-space  in  communication  with 
the  exhaust-pipe,  whilst  a  smaller  opening  allows  the  steam  to  pass  up  the  lateral-pipe  on  to  the 
other  piston-side,  as  MMm  as  the  corresponding  piston  is  moving  towards  the  crank,  so  as  to  establiah 
an  equalisation  of  pressure. 

On  account  of  their  heavy  consumption  of  steam,  these  engines,  can  only  be  reoammc 
for  the  intermittend  driving  of  machinery  requiring  high-speeds,  where  little  importance  is  attached^  ] 
to  the  consumption  of  steam  or  of  fuel. 

The  improved  construction  shewn  by  our  Plate  XIV,  fig.  6—10  was  designed  with  a  view 
of  obtaining  still  greater  running  speeds.  The  three  cylinders  are  cast  as  formerly  in  one  piece. 
The  balanced  circular-valve  (fig.  10)  is  driven  from  the  crank  K  by  the  small  pin  b  and  the  crank 
k  (fig.  9).  In  the  position  shewn  in  our  fig.  8,  the  boiler-steam,  passing  through  the  circular*valv6 
G  and  the  steam-way  c,  is  entering  the  cylinder  through  t*,,  whereas  the  exhaust*steam  enters  the 
steam-tight  centrjil-chamber  by  the  passage  a,  and  is  thence  conducted  into  the  exhaust-pipe. 

The  valve -seating  is  formed  by  the  left  engine -cover,  and  by  the  easily  removed -piece  j. 
The  governor  U  influences  the  plug-valve  II,  the  spindle  r  of  which,  carries  a  disc  o  furnished  with 
projections  niii,  playing  on  two  sliding-peices  i?/?i;  these  alter  the  position  of  the  valve,  as  they 
approach  or  recede  from  the  governor-centre,  according  to  the  action  of  the  centrifugal  force  or  of  J 
the  spiral  springs  #^,. 


6.  Thomas  C*  Watts,  Engiaeer  of  Landoii. 

The  WatVs  2  and  4  cylinder  engines  made  their  first  public  appearance  at  the  Brist 
Ideating  of  the  Royal  Agricultural  Show  (1878),  and  in  a  Circular  before  u«,  it  is  announced  thati 
'the  main  objects  kept  in  view  in  designing  these  engines  have  been  to  produce  a  cheap,  economicalyj 
durable,  simple  and  compact  engine  for  general  factory  use,  for  driving  without  gearing,  fa 
pumps,  exhausters,  hydro-extractors  etc'  or  for  attachment  to  lines  of  quick  running  shafting. 

The  whole  of  the  working  parts  are  enclosed  in  a  casing,  protecting  them  from  dust,  grit, 
exposure  etc*,  forming  the  only  foundation  necessary,  and  carrying  the  fly-wheels  clear  of  the  ground. 

Some  engines  of  this  type,  as  we  have  just  seen,  exhaust  the  steam  into  this  casing  or  ba^ie, 
involving  steam  joints  and  stuffing-boxes.  Watt's  engines  exhaust  in  the  ordinary  manner  and  avoid 
•U  ttaam  joints  and  packing,  and  by  allowing  of  inspection  when  running,  leakage  of  pistons,  etc^ 
eao  be  readily  detected. 

The  valve  works  practically  in  equilibrium,  and  can  be  arranged  to  *cyt-off'  at  any 
point  of  the  stroke. 
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In  fig.  9  and  10  (Plate  25)  we  illustrate  one  of  these  2  cylinder  High -pressure  Engines, 
whilst  fig.  11  and  12  are  taken  from  a  4  cylinder  Compound  Engine  of  the  same  type. 

Beginning  with  the  2  cylinder  engines,  these  enginea  are  constructed  with  a  strong  framing 
of  cast  iron,  and  with  two  inverted  cylinders  placed  above  a  crank  shaft,  as  clearly  shewn  in  fig.  9 
and  10,  Plate  25.  This  crank  shaft  is  supported  in  suitable  bearings  at  its  ends,  and  at  its  centre 
is  attached  to  the  frame.  The  cylinders  are  fitted  with  trunk  pistons  to  each  of  which  is  jointed 
one  end  of  a  connecting  rod^  whose  other  end  is  fitted  upon  one  of  the  cranks. 

For  small  or  light  engines  these  connecting  rods  are  made  by  preference  of  phosphor 
bron^e^  and  //-shaped  in  transverse  section,  bnt  for  large  engines  the  connecting  rods  form  steel 
tubes,  with  heads  or  ends  of  phosphor  bronze.  The  pistons  of  these  cylinders  are  single-acting, 
being  moved  in  one  direction  only  by  the  steam  pressure.  The  lower  ends  of  the  cylinders,  or  the 
ends  nearest  the  cranks,  are  open,  and  the  other  ends  of  the  cylinders  are  closed. 

The  ends  or  covers  are  cast  solidly,  or  in  one  piece  with  the  body  of  the  cylinder,  to  avoid 
the  work  of  fitting  separate  ends  or  covers  on  the  same. 

To  avoid  the  necessity  for  the  ordinary  long  steam  passages,  and  the  consequent  loss  of 
steam  and  of  the  useful  eftect  of  steam  engines  of  this  class,  a  novel  arrangement  of  the  valres  and 
ports  and  mechanism  for  operating  the  valves  has  been  devised ^  the  admission  ports  are  formed  for 
this  purpose  through  the  ends  or  covers,  and  a  valve  is  fitted  upon  the  same  within  a  suitable  casing 
secured  upon  each  of  the  cylinder  ends. 

One  valve  is  used  for  each  pair  of  cylinders,  as  shewu,  and  operated  to  control  the  admission 
and  exhaust  of  the  steam  by  alternately  uncovering  and  covering  the  admission  ports  and  exhaust 
port  in  the  usual  manner. 

When  a  circular  rotating  valve  is  used,  as  in  the  engine  illustrated,  it  is  operated  by  means 
of  a  vertical  rod,  shaft,  or  spindle,  arranged  between  the  two  cylinders,  and  connected  by  bevel  gear 
wheels,  with  the  crank  shaft  from  which  it  receives  rotary  motion.  To  reduce  the  friction  of  this 
valve  on  its  face,  the  rod  or  spindle  is  provided,  witli  an  adjustable  collar,  which  works  on  the  top 
of  the  bearing  or  bush  of  this  spindle;  the  upper  end  of  the  latter  is  made  square,  and  fitted  in  a 
square  hole  in  the  valve,  while  allowing  it  free  movement  on  the  spindle,  so  that  the  valve  may 
bear  properly  on  its  face  independently  of  the  weight  of  the  spindle  and  its  gearing.  Aromid  the 
upper  part  of  the  valve,  a  flange  is  formed  to  fit  the  interior  of  the  casing,  which  flange  takes  ofiF 
a  great  portion  of  the  downward  pressure  of  the  steam  upon  the  valve. 

The  steam  enters  by  the  pipe  or  passage  between  the  top  and  bottom  flanges  of  the  valve, 
which  has  a  port  or  aperture.  Each  time  this  aperture  passes  over  the  port  of  either  cylinder, 
steam  is  admitted  to  the  same,  while  the  exhaust  steam  passes  from  the  other  cylinder  through 
the  cavity  of  the  valve  and  the  exhaust  port  to  the  exhaust  pipe.  By  thus  fitting  the  valve  upon 
a  square  portion  of  the  spindle  it  always  adjusts  itself  freely  to  its  seat,  and  the  accuracy  of  its 
working  is  not  affected  by  the  wearing  of  the  spindle  or  the  geariug. 

Holes  may  be  drilled  in  the  port  face  or  seat,  to  contain  lubricating  matter. 

When  this  form  of  valve  is  used,  the  governor  is  driven  by  means  of  gear  wheels  from  the 
ift  or  spindle. 

If  desired,  instead  of  a  circular  valve  a  slide  valve  of  the  usual  form,  may  of  coarse  be 
substituted,  and  moved  to  and  fro  over  the  port  face  by  small  rods  and  cranks  operated  by  an  ec* 
centric  or  cam  on  the  crank  shatt;  in  some  instances  the  cam  or  eccentric  and  rods  for  operating 
the   valve   may  he  at  one  end  of  the  crank  shaft,  instead  of  being  in  the  centre  of  the  engine. 

The  steam  is  exhausted  in  the  usoal  manner,  or  discharged  directly  through  a  suitable 
exhaust  pipe,  instead  of  into  a  casing  or  hollow  base,  for  the  reason  that  when  the  exhaust  takes 
place  in  this  last-named  manner,  the  leakage  or  loss  of  iniy  steam  through  defects  in  the  pistons 
caonot  be  easily  detected,  and  stuffing  boxes  and  steam  joints  have  to  be  provided. 
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In  cases    where  a  fly-wheel  pit  would    not   be    ohjectionable    the   base    can    be   shortene 
making  the  engine  considerably  lighter  and  more  compact  than  is  otherwise   practicable. 

The  valve  stem^  is  divided  into  two  parts  connected  to  a  long  sleeve  by   cotters  or  pirn; 
this  sleeve  has  in  it  spiral  grooves,  into  which  the  cotters   or  pins  fit  in  such  mamier  that  whe 
the  sleeve  is  raised  or  lowered  the  upper  part  of  the  stem^  and  with  it  the  valve ,   will   be   shiilied  ^ 
ur  turned  half  way  round  upon  its  seat,  thereby  altering  the  relation  of  the  valve  to  the  cruik  in 
the  required  manner. 

In  engines,  where  the  slide  valve  and  cam  are  employed,  any  of  the  well-known  arrange-*! 
ments  for  adjusting  the  cam  on  the  crank- shaft  may  be  adopted  to  aftbrd  the  means  for  reversing' 
the  engine. 

The  two  cylinder  engine  we  have  illustrated,  has  a  pair  of  cylinders  15"  in  diameter  and 
18'^  stroke,  and  is  estimated  to  indicate  250  horse-power. 

In  fig.  11  and  12  (Plate  25)  we  have  shewn  the  adaptation  of  this  type  as  a  four-cylinder 
Compound  Engine. 

It  will  be  seen  that  the  small  and  large  cylinders  are  concentric  with  each  other,  and  that 
the  pistons  of  the  large  cylinder  are  annular,  as  in  other  compound  engines.  The  high -pressure 
pistons  are  provided  at  their  lower  ends  with  flanges,  which  are  fitted  to  flanges  on  the  pistons  and 
by  means  of  screws  passed  through  these  flanges;  thus  the  two  pistons  exert  their  joint  action  on 
the  crank  through  the  medium  of  one  connecting  rod.  This  arrangement  of  the  pistons  permits  thej 
use  of  a  condenser  in  an  engine  with  single-acting  cylinders. 

The  valve,  in  this  engine,  may  be  a  rotating  valve,  as  shewn;  it  is  provided  with  {yassages  ' 
and  cavities  for  the  distribution  of  the  steam  as  follows:  —  The  port  or  passage,  supplies  thq  steam 
to  the  admission  ports  of  the  high -pressure  cylinders,  and  steam  is  conducted  from  these  cylinders 
by  a  passage  to  the  large  or  expansion  cylinders,  and  is  exhausted  from  the  latter  through  the 
passage,  whence  it  passes  to  the  exhaust  pipe.  The  rotation  of  this  valve  is  effected  by  meann 
of  a  vertical  spindle  geared  with  the  crank-shaft,  and  connected  with  the  said  valve  as  in  the  engine 
first  above  described. 

At  the  London  Meeting  of  the  Royal  Agricultural  Society  (1879)  Mr.  Wattes  showed  a  new 
three  cylinder  engine,  which  has  been  pronounced  to  be  a  decided  improvement  on  anything  of  the 
kind  yet  made.  Alone  as  this  engine  is  worked  by  a  piston-valve,  not  belonging  to  the  valve-gears 
now  under  discussion,  we  may  here  conveniently  refer  the  reader  to  ^The  Engineer  d,  11.  July  187*j 
pg-  23  and  24/  for  a  description  and  iUustration  of  this  new  type. 


6'.    G.  liEshka,  Ensineer,  of  Bielltz. 

A  peculiar   combinatjon    of  the  circular -faced   valve  and   of  a  rotary   plug -valve   baa  beeT 
designed  by  Mr.  G.  Lushka,  Engineer  of  Bielitz  (Austrian  Silesia).     We  illustrate  this  arrangement 
in  the  annexed  fig.  131  — 134* 

The  valve   seating  has  two  equal  segment  openings  ee^    forming  the  cylinder -ports,   whilst 
the  valve-face  h  furnished  with  the  passage  o  for  the  admission,  and  with  the  outlet  Oy  for  the  e^^l 
baust,  the  first  named  passage  o  being  made  smaller  than  the  second  outlet  0|.  ^H 

The  latter  forms  the  outlet  for  the  pipe  ;)  whicli  paases  through  the  coyer  of  the  valve- 
chest,  and  is  rendered  steam-tight  by  the  stuffing-box  shewn;  this  pipe  forms  the  rotary  axis  of  the 
Yalve,  for  which  purpose  it  carries  a  bevel- wheel  r*  ^j 

The  lateral  openings  it  placed  in  pairs  with  a  view  of  balancing  the  valve,  allow  tlie  boilef^f 
aieom   to    pass  through    the   circular -valve   opening  o  —    according  to  the  position  of  the  valve  in 
fig.  131  —  into  the  cylinder-port  e.     Tlie  circular-slide  rotates  at  equal  speed  with  the  crauk-ahafl^ 
on  account  of  its  having  to  distribute  the  steam  to  both  cylinder-ends*      With  a  view  of  obtiuning 
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a  variable  expansion-gear,  tlie  circular- valve  taa  a  sleeve  cd  placed  over  it,  which  is  made  in  two 
cylindrical  parts,  with  steam- ways  corresponding  to  the  forementioned  openings  ii.  The  cylindrical 
piece  ec  is  kept  fast  by 

the  other  onter  cylinder 

dd    is     furnished     with 

toothed   segments  ^    into 

which  the  wormw?  gears; 

the  spindle  of  this  worm 

may    either    be     turned 

by  hand  or  by  the  automatic  action  of  the  governor, 

the  edges  nn   of  the  cylinder  dd^   may    be  turned  over  the  steam. 

way    of   the    inner    cylinder,    whereby    a  range   of  expansion  can 

be  obtained^  from  0.0  to  0.4ystrolie»     In  the  position,  shewn  in  our 

engraving    (fig,   133)    we    should  get  a  cut-oft'  corresponding  to  y^ 

stroke. 

We  are  informed,  that  the  chief  object  kept  in  view  in 
the  design  of  this  valve,  was  to  obtain  a  distributing  valve  spe- 
cially suited  to  higli  piston-speeds,  the  easy  working  of  which,  should 
be  secured  by  perfectly  balancing  the  valve. 

In  the  writer's  opinion  this  arrangement  may  be  conside- 
rably modified,  by  not  observing  an  equal  lineal  lead  for  different 
ratios  of  expansion;  because,  the  double  cylinder  of  the  expansion- 
arrangement  might  then  be  tlispensed  with,  as  illustrated  in  tig. 
134*  In  this  case,  the  steam  would  begin  to  work  expansively,  after 
turning  the  valve  to  the  extent  of  the  angle  a.  If  the  cylinder  r/, 
be  turned  to  the  same  extent,  we  should  obtain  a  different  lineaHcud. 

Fig.  im. 


Fig.  131. 


Ealve-gears,   working   with  Circular- faced  Valves   with   intermittent 
rotation. 
Prof.  H.  V.  Reiche^  Aix-ifi-€hapelle. 
We  illustrate  on  Plate  XVI  a  new  and  highly  original  Circular-valve,  which  Prof.  H.  v.  Reiche 
public  in  1874. 

In  designing  this  valve,  the  inventor  sought  to  obtain  ^  what  may  be  termed  the  ideal 
automatic  expansion-gean  It  must  be  conceded,  that  Prof.  v.  Reiche,  so  far  succeeded,  that  he  has 
combined  all  the  advantages  inherent  to  Corliss  valve-gears,  without  in  auy  way  inheriting,  any  of 
the  defects  of  the  latter.  His  valve-gear,  admits  of  all  ranges  of  expansion,  whilst  the  opening  and 
shutting  of  the  valve  is  instantaneous.  This  is  brought  about,  not  by  the  unyielding  inflexible 
motion  of  the  crank- shaft,  but  by  the  free  action  of  the  power  stored  up  in  the  valve- gear j 
lastly^  the  inlet-ports  remain  equally  and  fully  open,   for  all  conceivable  cut-offs. 

Fig.  1  (Plate  XVI)  gives  us  a  plan  of  this  admission  valve,  arranged  at  the  side  of  the 
cylinder;  fig,  2  is  a  section  of  the  exhaust-valve  under  the  cylinder.  The  exhaust-valves  are  w^orked 
from  cams  yy^y  the  shaft  s  of  which  is  driven  by  s^mr- wheels  1  and  11  at  equal  speed  with  the 
erank^shaft 
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We  reproduce  ibe  gearing  mechanism  of  the  inlet-valve  on  an  enlarged  scale  in  fig.  4  aod  6; 
the  rocking  circular-faced  valve  is  denoted  by  //,  e  is  the  valve-seating,  both  of  which  are  fumish« 
with  seven  steam-ways.  The  valve- spindle  carries  a  combinatioji- wheel,  coiiaisting  of  three  whe 
cast  in  one  piece,  and  composed  of  the  escapement  wheel  c,  the  worm-wheel  d,  and  the  ratchctr 
wheel  A.  A  worm  kJi  gears  into  the  worm-wheel  d^  and  this  worm  has  an  axial  slide  on  the  shaft  u\ 
which  is  made  to  revolve  at  four  times  the  speed  of  the  crank-shaft;  the  tendency  of  this  worm  ia 
to  turn  the  worm*wheeI  d  in  the  direction  of  the  inscribed  arrow,  bnt  if  the  latter  is  prevented  from 
turning,  then  the  worm  Jik  is  pushed  back  by  the  teeth  of  this  wheel^  and  in  so  doing,  the  spring  % 
fitted  in  the  dash-pot  //  become  compressed. 

The  escapement- wheel  is  furnished  with  seven  teeth,  into  which  the  pallets  p  and  n  atiachi 
to  the  gear-shaft  /,  are  alternately  pushed.  As  these  pallets  are  always  at  a  smaller  distance  from 
each  other,  than  the  external  diameter  of  the  ratchet-wheel,  it  follows^  that  the  teeth  of  the  latter 
will  always  be  caught^  by  the  one  or  the  other  pallet,  provided  the  alternate  lateral  slide  of  the 
gear^rod  I  be  sufficiently  large.  We  obtain  through  the  spring -power  of  the  escapement -wheel  t 
and  this  gearing  of  the  pallets,  an  intermittent  rotary  motion  of  this  wheel  c,  so  that  we  may 
conceive,  the  stoppage  due  to  the  interference  of  the  pallet  ?^,  to  represent  the  period  of  expansion^ 
whilst  the  engagement  of  the  pallet  p  shall  correspond  to  the  admission-period,  because  in  the  first 
instance  all  the  seven  steam- ways  would  be  closed,  but  opened  in  the  second  case.  With  each 
TBTolution  of  the  crank  and  engagement  of  the  pallet,  the  circular-valve  makes  twice  Vh  revolution. 

Fig,  1  and  3  show,  that  the  lateral  slide  of  the  gear-shaft  /,  is  effected  by  a  rocking-lever  from  the 
cross- head;  this  might  also  be  done  by  an  eccentric.  By  paying  due  regard,  to  the  engagement^  between 
the  escapement-teeth  and  the  pallets  np,  a  variable  steam-admission  or  cut-ofi  may  be  evidently  obtained 

Tlie   mechanism   on   the   right  hand   of  the  cylioder  is  drawn  in  fig.  4,    under  an  assume 
cot-off  at  Vi<,  stroke,   and  the  pallet  n  has  just  relieved  the  wheel  e,   so   opening  the    ports. 
distance  x  denotes  half  the  travel  of  the  gear- shaft,   consequently  the  extremities  of  n  and  j?  new 
at  1  and  2,  will  be  at  3  at  4  at  the  termination  of  the  piston-stroke. 

If  it  is  desired,  to  vary  the  distribution  of  the  steam  to  the  cylinder,  all  that  is  necessary^ 
is  to  remove  the  extremity  of  the  pallet  w,  somewhat  further  from  the  valve -centre,  which  cause* 
an  earlier  admission,  whilst  the  extremity  of  ^  is  also  slightly  approached  towards  the  same  centu 
so  resulting  in  a  later  cut-off.  The  first  named  adjustment,  may  be  done  by  hand  when  the  engine 
stopped,  through  the  thumb-screw  and  ring  o^  whereas  the  cut-off  ia  retarded  by  the  automatic  jictia 
of  the  governor.  For  this  last  named  purpose,  the  hind  portion  of  the  pallet  p,  is  furnished  wifl 
a  screw-thread  and  nut  r.  This  nut  is  made  to  rotate  in  two  adjusting-collars  aa  of  the  gear-shaft  | 
as  it  is  furnished  with  long  teeth  into  which  tlie  toothed -segment  q  gears*  It  will  be  seen 
referring  to  fig,  2,  that  the  axle  i^  is  moved  direct  from  the  governor- collar;  the  nut  r  bw  i 
right  and  left  hand  thread  upon  it,  which  enables  the  Bymmetrical  adjustment  of  tlie  pallets  p, 
both  sides  of  the  cylinder. 

Each  valve   is   provided   with  a  dash-pot  o,   for  taking  up  any  sudden  shoekaf   bnt  as 
latter  may  occur  with  each  */j|  revolution   of  the  ratchet-wheel,   the  ratchet-wheel  k  is  fitted  wi| 
14  catches,  which  work  on  to  a  steeled  bufter-piston  Q.     These  catches  are  so  adjusted,  as  to  Ita^ 
the  buffer  at  their  proper  time* 

The  governor,  making  four  revolutions  for  every  revolution  of  the  crank -shaft,  itnd  drii 
by  the  bevel  wheels  V  and  VI  from  the  shaft  k?,    is  not  in  the  least  affected,  by   the   refltction  <>f 
these  shocks,  and  has  only  to  overcome  the  resistance  of  the  screw. 


F.  W.  Turner,  St.  Albans  Iron-works,  St  Albans  (llert.). 
Tilt  double-action  reversing  8 team  -  engine   of  Mr.  F.  W.  Turner,  though  merely   di 
on   a  trunk- pistcin   arrangement  for  its  continuous   motion,   has  a   circular- valve  attiLched  to 
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reversing  purposes,  and  on  this  account  it  may  here  receive  a  passing  notice.  In  onr  fig*  135  and  136 
we  give  different  adaptation}^  of  this  engine  for  yacht  and  stationary  purposes.  The  engine  is  con- 
trolled by  a  high  speed  governor,  and  the  link  motion,  with  eccentrics,  weigh* shaft »  levers,  and 
numerous  joints  and  pins  are  entirely  dispensed  with,  the  reversing  apparatus  being  of  the  simplest 
description,  consisting  of  a  circular  valve  placed 
in  the  piston^  which  is  actuated  by  means  of 
a  steel  spindle  sliding  in  a  socket  placed  in 
the  cylinder-cover*  This  is  not  subject  to  the 
slightest  wear  from  the  motion  of  the  engine, 
which  socket  being  provided  with  a  handle, 
can  be  operated  much  quicker  and  with  less 
labour  to  the  attendant  than  many  other  re- 
versing gears;  it  answers  also  the  purpose 
of  a  stop  and  regulating  valve.  It  is  only 
necessary   to  use  two  cylinders,  when  an  en- 
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gine  is  required  with- 
out fly*  wheel  and 
without  a  dead- pointy 
in  which  case  they 
are  thoroughly  under 
control,  by  means  of 
the  reversing  lever, 
by  which  they  can 
be  stopped  and  start- 
ed in  either  direc- 
tion and  at  any  po- 
sition of  the  stroke;  the  crank -shaft, 
pins,  keys,  etc^  ai*e  made  of  steel,  the 
bearings  (which  are  all  adjustable)  are 
made  of  phosphor  bronze  or  best  gun 
metal ;  the  ordinary  slide  valves  are  used 
with  improved  action,  which  prevents 
them  canting  or  wearing  unequally,  and  admits  of  any  desired  lap,  lead,  or  cut-off.  The  whole  of 
the  working  parts  are  enclosed,  and  therefore  carmot  be  injmred  by  dust  and  dirt  getting  into  the 
bearings.  When  necessary  they  caji  be  examined  and  disconnected  by  opening  the  door  at  the  side, 
and  by  removing  the  cylinder-cover,  the  valves,   piston,   and  rods  can  be  taken  out  and  replaced  in 
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a  very  short  time.  They  can  be  run  at  a  high  velocity,  without  danger  or  injury.  By  a  simple 
arrangement;  the  whole  of  the  bearings  can  be  thoroughly  lubricated;  but  should  this  be  neglected, 
they  will  run  for  many  hours  without  injury. 

The  internal  working  of  these  engines  will  be  understood  from  our  sectional  views,  figs.  137 
to  143,  the  first  of  which,  shows  a  sectional  elevation  of  one  of  these  reversing  engines  with  double 
cylinders;  in  fig.  138  we  have  the  transverse  section  of  the  cylinder,  whilst  fig.  139  represents 
sectional  plan  through  line  AB.  The  form  of  the  end  of  the  cylinder  piston  with  the  cover  removed 
is  shown  in  fig.  140,  and  the  face  and  back  of  the  reversing  valve  are  drawn  respectively  in  figs.  141 


Fig.  141  aud  IAS. 

and  142.  The  action  of  the  steam  upon  the  piston  will  be  understood  from  fig.  143,  showing  the 
piston  in  the  three  positions,  answering  to  full  stroke  in,  half- stroke,  and  to  full  stroke  out.  In 
the  first  of  these  positions,  the  steam  is  entering  the  top  portion  of  the  steam  cylinder  by  the  left- 
hand  valve;  at  half-stroke,  the  admission  is  still  going  on,  while  at  full  stroke  out,  the  exhaust  has 
commenced,  which  relieves  the  steam  through  the  left-hand  valve  into  the  trunk,  whence  it  passes 
into  a  feed -water  heater  under  the  cylinder.  The  reversing  action,  actuated  by  turning  the  handle, 
shown  at  the  top  of  cylinder  in  fig.  137,  places  the  passage  of  the  right-hand  valves  in  communi- 
cation with  the  cylinder  top,  and  so  reverses  the  piston  motion;  the  direction  of  motion  of  the 
engine  is  thus  determined  by  the  slide-valve  used. 
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There  is  little  doubt  that  the  engines  we  have  just  described,  have  many  points  of  superior 
merit  over  the  ordinary  engine  claas.  Thus,  the  accumulation  of  dust,  more  or  less  common  in  all 
mdustrial  undertakings,  is  a  source  of  constant  annoyance  to  the  engine  user,  on  account  of  ita 
propensity  to  wear  out  the  bearings,  but  in  the  engine  before  us,  neither  dust  nor  dirt,  can  enter 
the  bearings  of  the  engine,  as  the  whole  of  the  working  parts  are  enclosed.  Again,  our  modern 
engines  are  all  subject  to  concussion,  and  subsequent  injury  or  breakage,  due  to  the  accumulation 
of  water  in  the  steam -cylinder  either  from  condensation  or  priming,  but  Turner's  engine  is  free 
from  this  serious  defect,  as  the  slide-valves  drain  the  top  of  the  cylinder,  while  as  they  are  driven 
from   their   underside   no   stuffing-boxes,   are   required.      Another  important  advantage,   is   the    com* 

tpactness  of  these  engines,  so  necessitating  little  standing  room,  as  the  following  tabulated  sizes  will 
amply  prove: 
Approximate  actual  horse -power  when  running  at 
following  speeds,  with  45  lbs.  pressure  of  steam 
P        Ditto  at  60  lbs.  pressure  *....... 
Revolutions  per  miimte 
_         Diameter  of  cylinder  in  inches 
m        Length  of  stroke  in  inches    ...,...,       4*4 

The  fact  that  a  five  horse-power  motor  of  the  design  just  described,  only  weighs  5  cwts» 
should  certainly  enable  the  maker  to  turn  out  these  engines  at  a  cost  much  below  the  ordinary 
average,  so  that  these  double-action  reversing  steam-engines  may  become  a  formidable  rival  to  the 
smaller  types  of  steam-motors. 
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3,     Valve-gears^  with  oscillatiiig'  Circniar-valves  and  Tiip-gear, 

Henry  Berelitold,  Engiiiffr  of  Ziirich. 

The  peculiar  disengagement-gear  of  a  steam-engine^  exhibited  at  the  Vienna  Exhibition  and 
constructed  by  Messrs.  Scheller  and  Berchtold  of  Thalweil,  near  Zurich,  attracted  much  attention. 
It  is  true,  the  arrangement  was  somewhat  complicated,  but  the  present  head  of  this  engineering 
firm,  Henry  Berchthold  of  Zfiricb,  subsequently  modified  the  valve-gear. 

We  shall  here  content  ourselves  in  describing  the  latest  improved  arrangement  illustrated 
by  fig,  8—11  on  Plate  29.  This  valve-gear,  has  been  constructed  in  four  different  ways.  The  prin- 
ciple of  tlie  second  arrangement  —  using  oscillating  circular- valves  —  may  be  gathered  by  our  annexed 
figs.  144—146,  whilst  the  third  arrangement  is  shewn  on  Plate  29,  tig.  8  to  11;  the  fourth  type 
belongs  to  the  class  of  ordinary  slide-valves,  to  which  we  shall  eventually  refer  in  their  order. 

In  the  second  arrangement  (tig.  144  and  14GJ,  as  in  the  first,  the  two  circular  inlet- valves 
GGj  are  placed  on  the  top  of  the  cylinder,  exactly  over  the  engine  centre-line.  They  are  made  with 
eight  equal  grid -openings,  and  move  forwards  and  backwards  on  a  similarly  formed  valve-seating 
or  port  Each  spuuUe  is  connected  by  set-screw  with  a  lever  L,  the  eye  of  which  is  attached  by 
a  small  rod  e  to  the  dash-pot  piston-rod  Q.  The  spiral-spring  S  has  the  constant  tendency  of  forcing 
the  piston  Q  out  of  the  dash-pot  0  toward  the  cylinder,  which  corresponds  to  a  shutting  of  the 
cylinder-ports.  The  other  end  of  the  hollow  piston  Q  carries  a  steel  catch-plate  K  kept  from 
unintentional  movement  by  a  tlat-spring  i  The  two  catch-plates  KK^  of  the  two  valves  GG^  are 
placed  opposite  to  each  other,  so  that  the  triggers  nn^  of  the  bolt  N  common  to  both,  may  alter- 
nately gear  between  them.  This  bolt  N  is  made  to  slide  in  the  support  P,  which  is  arranged  to 
Rvel  freely  round  a  centre  pin  s^  bolted  fast  on  the  bracket  T  supporting  the  governor-spindle. 

The  opposite  extremity  of  the  support  P,  is  furnished  with  an  anti-friction  roller,  running 
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ill  a  groove  of  the  cam-disc  A  keyed  fast  on  the  governor-spindle.  The  form  of  this  groove,  was  so 
chosen,  that  for  every  revolution  of  the  governor -spindle  B  or  cam -disc  J,  the  triggers  fin^  con- 
secutively force  the  catch-plates  ik  against  the  action  of  the  springs  ss^^  so  eventually  opening  the 
inlet- valves,  on  both  sides  of  the  cylinder,  during  each  full  stroke  of  the  piston. 

As  the  trigger-ends  ?in^  are  able  to  describe 
circles  of  different  radii,  contact  with  the  catch-plates  kl\ 
may  be  thereby  hastened  or  retarded  ^  or  in  other  words, 
this  mechanism  may  be  made  to  serve  for  obtaining 
^variable'  eiit-offs,  Witli  this  object  in  view^  the  bolt 
I  N  is  connected  direct,  by  the  forked  rod  It  with  the  sliding- 

I  collar  of  the  goverDor^  and  a^  onr  wood-cots  show,  ac- 

j  cording  to  the  rising  of  the  governor-balls,  the  radii  of 

I  the  circles  described  by  the  extremities  of  the  triggers 

I  nn^   will   become  smaller,    so    effecting   an    earlier    dis- 

I  engagement,  whereas  with  a  falling  of  the  governor-balls^j 

K        ^  fi  m     I  these  radii  become  greater,  and  later  cut-oifs  will  ensue-| 

In    the    annexe  ed    wood -cut    fig.    144    the    ex-j 
treme  inward   posiiion    of  the    bolt    is    denoted   by  the 
•^:    -.        :0^  roman   number  I;    in    position  II    the   catch-plate   is  in 

gear,   and  at  III    the  travel  of  the  lap  has   been  run^l 
the  ports  begin    to   open,    and    are   fnlly    open  at  IV. 
If  V  represents  the  extreme  outward  position  of  the  same 

bolt,  or  the  limit  of  automatic  disengagement 

The  exhaust-valves  HN^  are  also  furnished  with 
eight  grid-opeuingSy  and  are  driven  direct  from  a  second 
cam-disc  A  also  keyed  fast  on  the  governor  spindle  B, 
as  may  be  seen  on  referring  to  fig.  14G, 

This    constructive    arrangement   is  however   na 

longer  adopted,  and  though  the  principle  of  the  meeha 

nism  has  been  retained,   the   dash-pot  has  been  altered. 

Pig  145  Of  this   improved  construction,   our  fige,  8 — 11 

on   Plate  29   give  various  sectional  views:  thus   in   fig 
H/cJ!fii\        ^»    ^^    have    an    end-view    of    the    working- mecbanisa 
of  the  oscillating   circular -valve   with  the    cylinder 
cross-section,  plan  and  elevation  are  shewn  in  figs.  9 
10,  and  our  fig*  1 1  represents  transverse-section  through' 
the  valve-chest.     These  drawings  show,  that  the  vertical 
gear-shaft  with  its  cam-disc,  as  well  as  the  direct  cofl 
nection  of  the  governor-collar  with   the  disenga?: 
bolt,   have   all   been  reintroduced  in   the  new   *.- 
tion.      On    the  other  hand,    we    perceive  (fig.  10) 
the  steel   valve-spindle  carries  a  peculiarly  formed  crank^ 
lever,   fastened  by  a  wedge  and  two  screws.    The  amil^^ 
ler  arm  {2%**  =  60  mm.  long)  of  this  lever  is  furnished 
with  a  small  fork  fitted  with  a  small  anti-fiiction  To\h 
r,  which  works  against  a  steel  screw,   let  in    on  the   top  of  the  dash-pot  piston*    The  other  ar 
(4\'*  ««  90  mm.  loug)  of  this  lever  carries  the  catch  A"     A  flat  j*priug  is  constantly  pressing  tfaij 
arm  into  the  groove  of  the  cast-iron  roller  w,  so  that  the  catch  K  may  come  into  gear  witli  trigger 
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I  Jit  the  proper  tinie.    The  dash-pot  has  a  bracket  east  on,  for  eupporting  the  valve-apindle  which 
Tcept  down  by  a  thumb-screw  shewn  in  fig.  11. 

Our  fig.  147  sketches  the  auccesaiTe  diaengagement  periods^  brought  about,  by  altering  the 
rocking  radius  of  the  catch  N  and  corresponding  with  certain  positions  of  tlie  piston. 
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In  accordance  with  ourfig.  144, 1  denotes 
the  extreme  position  of  the  disengaging-bolt 
during  the  forward  travel;  II  shows  the  be- 
ginning of  engagement  between  trigger  and  bolt. 
The  additional  positions,  marked  with  III— ^1^ 
may  be  inferred  from  the  inscribed  piston -po- 
sitions at  the  time  of  disengagement.  In  po- 
sition Yll  the  bolt  has  attained  its  other  ex- 
treme range  shewn  in  fig,  144  by  V.  To  en- 
sure a  never  failing  automatic  disengagement 
during  the  piston-stroke,  the  latest  admissable 
cut-off,  most  not  correspond  with  the  extreme 
position  of  the  bolt;  for  safety's  sake,  dis- 
engagement should  ensue  somewhat  sooner,  as 
shewn  in  fig.  147  at  VI  (Vio  stroke). 

On  account  of  the  swinging  motion  of 
the  bolt,  opening  both  circular  Talves,  automatic 
cut-offs  might  be  obtained  up  to  full  stroke, 
but  as  a  slow  and  easy  gearing  of  the  trig- 
ger-gear is  preferable  and  the  valve,  owing  *"**  ^^^^ 
to  its  overlapping,  is  obliged  to  travel  further  than  its  grid-openings  would  independently  demand, 
a  portion  of  the  semi-revolution  of  the  cam-disc  has  to  be  utilised  for  this  purpose,  so  that  in  reality 
automatic  cut-ofi'  may  only  take  place,  between  the  still  relatively  high  range  of  0.0  and  0.7  stroke. 
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The  exhaust-yalyes  do  not  differ,  from  the  description  afforded  by  fig.  144.  The  travels  of 
the  working' edge  of  the  inlet-  and  exhaust- valves  in  relation  to  the  piston-stroke  are  graphically 
shewn  in  figs.  148  and  149,  and  the  excellent  distribution  of  the  steam  due  to  the  proper  fixing  of 
the  cam-disc  form,  is  at  once  apparent  from  these  outlines. 

The  inlet-valve  (fig.  148)  has  already  fully  cleared  the  port  at  0.14  stroke,  and  attained 
at  gi  its  extreme  position,  which  is  identical  with  the  one  indicated  by  VII  in  fig.  147.  In  order 
to  be  on  the  safe-side^  for  reasons  already  explained,  the  latest  cut-off  is  denoted  by  g,  for  if  automatic 
disengagement  had  not  taken  place,  the  valve  would  gradually  return,  according  to  the  jotted 
curve  gihihy  which  is  however  inadmissable,  as  the  steam  would  only  then  shut-off  at  %  during 
the  next  stroke.  While  the  bolt  is  describing  the  curve  Jcl\y  the  valve  is  stationary,  and  only 
resumes  its  motion  at  A;^.  In  conclusion,  attention  may  further  be  drawn,  to  the  slight  lap  of  the 
inlet-  and  exhaust-valves. 
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B.  Engines  working  with  Slide-valves,  with  and  without  Trip-gears. 

I.  Engines  fitted  with  Double  Slide-valves. 

1.    Valve-gears  arranged  with  short  Valve-boxes  and  long  Steam -passages. 

a.  H.  Oehwadt,  Engineer  of  Louisenthai. 

Considering  the  predominating  application  of  the  ordinary  flat  slide-valve,  it  is  a  matter 
of  little  surprise,  that  practical  men  have  shewn  a  decided  preference  to  this  well  known  type. 
Hence  numerous  attempts  have  been  made  to  modify  it,  so  that  it  might  embody  all  the  working  condi- 
tions of  Automatic  Variable  Expansion-gears.  This  practical  activity  has  brought  to  light,  a  variety 
of  constructions,  in  which  we  sometimes  meet  with  the  re-introduction  of  the  ordinary  double  slide- 
valve  (Meyer,  Farcot  and  Breval  amongst  others),  fitted  with  trip-gears,  whilst  at  other  times,  we 
come  across  new  and  exceedingly  ingenious  combinations,  which  may  be  pronounced  in  no  way  in- 
ferior to  the  original  Corliss  valve-gears,  but,  as  in  fact  presenting,  many  advantages  over  them. 

The  ordinary   dou-  Fig.  u». 

ble  slide-valve  gears,  cer- 
tainly share  the  defect  of 
having  long  steam  -  ports 
when  no  lengthening  out  of 
the  valve  is  adopted,  as  in  the 
valve-gears  of  Allcock,  Gal- 
loway ABansome,  etc.  This 
valve-gear,  naturally  is  still 
more  perfect,  where  sepa- 
rate slides  are  used,  that  is 
to  say,  where  the  inlet  and 
exhaust  valves  are  separa- 
ted from  each  other,  and 
arranged  on  the  top  and 
bottom  of  the  steam-cylin- 
der, somewhat  similar  to 
the  Corliss  valve  -  gears. 
We  then  obtain  four  sepa- 
rate valves.  We  shall  have 
occasion,  to  revert  to  the 
latter  type  later  on,  al- 
lowing the  double  slide- 
valve  gears  to  receive  at- 
tention first 

The  annexed  woodcuts  Fig.  150  and  Fig.  151,  represent  a  double  slide-valve  designed  by 
H.  Ochwadt  of  Louisenthal,  near  Saarbriickeu.  It  is  specially  adapted  to  High-speed  Engines 
such  as  Marine  or  Locomotive-engines,  and  its  chief  characteristic  consists  in  its  working  up  to 
any  degree  of  expansion  or  cut-off,  without  requiring  any  expansion-eccentric. 

With  Engines  fitted  with  reversing  gear,  the  main  slide  G  is  moved  by  the  valve  spindle 
F  either   by   the   use   of  a    loose  or  of  two  fixed  eccentrics.     Our  illustrations  presume,  that  the 
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valve,  has  assumed  its  extreme  right-hand  position,  and  that  it  is  on  the  point  of  moving  back 
in  the  direction  of  the  arrovr;  the  steam-piston  K  is  supposed  to  be  continuing  its  motion,  as  in* 
dicated  by  the  inscribed  arrow.  On  the  top  side  of  the  raain-valve,  two  expansion* valves  slide 
independently  of  each  other;  they  are  connected,  through  the  rodsi/v|,ii|  and  eross-pieces  mm^^  with 
the  steel  catch-plates  mt^.  When  the  nibs /u*i  of  the  levers  iVTV^^,  are  in  gear  with  the  catch-plates 
oO|,  the  springs  SS^  are  in  compression,  as  shewn  in  our  woodcut.  For  disengagement  purposes, 
the  valve •  spindle  F  is  rigidly  connected  with  a  rod  //  through  the  cross-pieces  iL  This  rod  // 
has  a  right  and  left  screw-thread  out  about  its  middle,  on  which  two  nuts  move  horizontally,  ac- 
cording as  the  rod  fj  is  turned  by  the  hand- wheel  R.  These  nuts  are  furnished  with  steel-nibs 
rrj,  which  catch  against  the  levers  pp^^  in  such  a  manner,  that  the  nib  v  catches  against  the  lever 
p  when  moving  to  the  left,  and  so  that  the  nib  Vj,  carries  the  lever  pj,  to  the  right;  the  inclined 
contact  8uri*aces  of  nibs  and  lever,  elide  over  each  other  when  returning,  and  the  nibs  by  overco 
ming  the  tension  of  the  springs  SS^  fall  back  without  moving  the  levers. 

The  position  of  the  nibs  i^|  shewn  in  our  figures,  would  correspond  to  a  steam-supply  up 
to  nearly  full  stroke,  because  (taking  only  one  side  into  consideration)  the  tripping  of  v  against 
tlie  arm  p  attached  to  the  lever  A',  effects  the  disengagement  of  w  and  o  so  late,  that  when  this 
occurs,  the  cylinder  piston   A''  has  almost  completed  its  stroke. 

With  the  continued  movement  of  the  main-slide  G  in  the  same  direction,  its  projecting 
piece  yj  again  carries  the  slide  H  with  it,  and  compresses  the  spring  S  till  the  catch-plate  n  is 
again  behind  and  in  gear  with  the  catch  o.  As  soon  as  the  port  t%  has  been  opened  by  the  main- 
slide,  the  expansion-slide  //,  remains  (on  account  of  n^  and  f>,  being  in  gear)  in  the  position  shewn 
in  our  Fig.  15l>,  till  it  is  released  through  the  tripping  ol  i\  against  p^  and  steam  is  cut  off  firom 
the  right-hand  side  of  the  cylinder-  If  to  ensure  early  cut-otf,  the  nibs  w  and  i^j,  were  so  far  moved 
apart,  it  is  possible  that  they  niight  no  longer  come  in  contact  with  the  arms  />  and  pi\  in  this 
case,  however,  to  effect  the  shut-off  through  the  expansion-slide  //,  the  nib  v^  would  trip  against  a 
second  projecting  catch-swivel  q  which  would  in  its  turn  press  against  a  second  lever-arm  r  rigidly 
connected  with  N^  and  so  effect  disengagement  between  n  and  o.  These  remarks  similarly  apply 
to  t»|  q^  and  Tj  in  respect  to  the  steam-supply  to  the  right-hand  side  of  the  cylinder.  The  varia* 
bleness  of  the  cut-off,  is  consequently  supposed  to  take  place  by  hand;  it  could  however  be  rendered 
autouiatic  under  the  direct  (ontrol  of  the  governor^  by  the  introduction  of  a  suitable  mechaajain, 
though  the  whole  arrangement  would  be  then  somewhat  more  complicated, 

Ik    F.  Aug,  SehuU,  C.  E,  of  Zeitz. 

F,  Aug*  Schuk,  Civil- Engineer  of  Zeitz,  patented  in  Germany  a  variable  Expansion-^r 
ill  1877,  which  we  illustrate  on  Plate  XVIll.  (figs.  1—9).  As  its  chief  point  of  noveltj.^,  Mr.  Schuli 
claima,  that  only  one  eccentric  is  needed  for  the  expansion- valve  —  i,  e.  two  in  all  -  whence  we 
may  conclude  that  the  Patentee  was  not  aware  of  any  variable  expansion -gears  working  with 
only  one  eccentric;  for  his  Patent  Specification  states:  A  Variable  Expansion -gear,  arranged  with 
Hat  slide-valves,  which  though  only  fitted  with  one  expansion -slide  workeJ  from  one  eoceutri<^ 
allows  a  range  of  expansion  from  0  to  ^4  stroke. 

Between  the  main  and  expansion-slides,  a  plate  A  is  inserted,  which  separates  steam-tight 
the  two  valves ;  the  form  of  this  plate  /*  is  shewn  in  fig.  7,  and  it  is  made  not  to  move  with 
either  of  the  valves.  The  main-slide  H  (tig,  i\)  worked  from  the  eccentric  rod  B  and  valve-spindlt 
F  from  a  separate  eccentric,  is  so  formed,  that  when  in  its  extreme  positions,  steam  can  freely 
pass  through  the  openings  of  the  plate  L  Pig.  8,  shows  tlie  expansion-slide  //  which  is  alwavf 
moved  in  the  one  direction,  indicated  by  the  inscribed  arrow,  (tig:  2)  by  its  own  eccentric,  whilit 
the  steam-pressure  on  the  swelled  valve-spindle  F\  brings  it  back  again,  and  so  closes  the  steam-port 
By  means  of  the  short  spindle  z,  the  eccentrio-rod  B^  moved  by  the  expansion-eccentric,  oommunh 
cates  an   oscillating  motion    to  a  lever  A^j,  ifig.  8)  the  eyes  of  which  form   the  swing -centres  el 


I 

I 


two  triggers  AW,,  each  furnished  witK ordinary  steel  nibs  ?<«j.  The  top  trigger  N  falls  ol  its  own 
weight)  whereas  the  bottom  trigger  AV»  i^  lifted  by  a  counter-weight,  against  vertical  catch-plates 
o  and  0|,  respectively;  the  latter  are  each  fastened  to  one  of  the  two  half-cylindrical  sleeves  m  and 
*mi,  (vide  Fig.  9).  With  the  motion  of  the  triggers  NNx,  the  sleeves  mwi,,  are  alternately  pushed 
in  the  direction  of  the  inscribed  arrow,  thus  opening  the  steam-ways;  this  action  is  transferred 
through  the  steel  semi-rings  q  rigidly  attached  to  mm^,  on  to  the  valve-spindle  f  F^.  To  prevent 
the  sleeve  m  from  turning,  the  bottom  sleeve  wi,  has  a  groove  into  which  a  rigid  key  or  bolt  *  fits. 
It  will  be  easily  understood,  that  tbe  prolongation  of  the  valve  spindle  F^  runs  loose  between 
the  sleeves  i«mj,  and  that  it  merely  requires  the  disengagement  of  the  triggers  NN^^  in  order  to 
allow  the  valve-spindle  U*  tiy  back,  which  corresponds  tu  the  shutting^uff  of  the  steam*  The  dis- 
engagement of  the  triggers  AWj,  is  under  the  direct  control  of  the  governor,  which  by  the  inter- 
vention of  the  lever -mechanism  shewn,  works  the  tappets  rr^,  which  in  their  turn  play  on  the 
trigger-ends.  Inside  the  guide-box  i/  is  a  weak  spring,  which  brings  the  sleeves  mmj,  in  their  initial 
position,  through  the  piston  j)  [pressing  against  them.  The  travel  of  all  these  mo\dng  parts  is 
regulated  by  the  air-cushion  formed  behind  the  piston  Q  of  the  dash-pot  O.  To  prevent  jarring, 
the  piston  p  and  the  guide  ^  are  fitted  with  leather-washers. 

It  will  be  conceded,  that  this  somewhat  complicated  valve-gear  arrangement,  is  of  an  ori- 
ginal design  and  ingeniously  devised  in  its  details.  With  these  advantages  in  its  favor,  it  ap- 
pears to  the  writer  the  more  inexplicable,  to  place  the  valve-box  so  far  away  from  the  cy- 
linder. As  a  consequence,  comparatively  long  steam-ports  are  introduced,  which  it  is  perhaps  need- 
leas  to  observe,  are  sought  to  be  obviated  in  even  the  most  common  valve-gears. 

c^  E.  Skoda  of  Pilseii, 
Type:  P*  WeUuer, 

Steam  -  engines  are  being  built  at  the  works  of  E.  Skoda  of  PDsen,  fitted  with  the  well 
known  Meyer's  Variable  Expansion -gear.  The  steam -distribution  is  however,  very  simply  con- 
verted into  an  Automatic  Variable  Cut-nfi'  gear,  {nmi  the  designs  of  Mn  F.  Wellner.  This  assertion 
was  amply  proved  by  the  Engine  exhibited  at  the  late  Paris  International  Exhibition. 

The  reader  will  find  this  original  valve-gear  shewn  in  aide  elevation  in  Fig.  10  and  in  plan 
section  in  Fig.  1 1  of  Plate  XVIII,  whilst  Fig.  12  of  the  same  Plate,  gives  the  disengagement  mecha- 
nism drawn  to  a  larger  scale.  The  corresponding  Engine  was  of  2  ft.  1  in  (6*^0  mm.)  stroke  and  had  a 
cylinder  diameter  of  12%  in  (316  mm),  Tlie  main-slide  G  is  exactly  a  repetition  of  the  well-known 
Meyer  slide,  whikt  the  other  two  expansion  plates  hh^  rigidly  connected  together,  receive  their 
motions,  from  a  separate  eccentric  and  from  the  disengagement  gear  shewn  in  Fig.  11.  The  expan- 
sion rod  Fj^  has  a  steel  catch-plate  */  let  in,  so  as  to  fall  alternately  into  gear  with  corresponding 
nibs  r4«i,  of  two  triggers  AWj^  carried  on  a  kind  of  sliding-picce  2' controlled  by  the  governor*); 
it  is  thus  similar  to  the  Bede  &  Farcot  Automatic  Variable  Expansion-gear,  described  on  pg.  76.  These 
triggers  are  made  to  strike  against  projections  rr^^  vertically  adjustable  through  the  governor,  and 
by  these  means  disengagement  is  efFected;  in  tlie  position  indicated  by  our  drawing,  disengage- 
ment would  already  have  taken  place  at  0.0  stroke.  The  steam  jjorts  are  not  closed  in  this  con- 
structive example  by  a  spring,  but  the  in-coniing  cylinder-steam  is  utilised  to  eflfect  instantaneous 
cut-off,  and  herein  lies  the  principal  novel  feature  of  this  Valve-gear.  For  this  purj^ose,  the  ex- 
pansion slide-rod  is  furnished  with  two  additional  small  pistons  f«?j,  inside  the  valve-box,  which 
work  steam-tight  in  two  cylinders  qq^.    The  hind  portion  of  these  cylinders  is  in  direct  communi- 

*)  Thb  description  stAodB  eorrecteU  in  the  following  particulftrs:  The  expanBion-eceentric  givea  motion  to  the  sliding 
|iiece  T'caiTjing  a  vertical  rmmt^^  in  wliidi  the  governor-tiippets  rrj^  can  slide.  The  etfttiuuary  trigi^ens  hold  the  valve-spinflle 
/^in  its  end-poiitiunti,  till  dii^t^ngfigeEneiit  has  eosuedf  whereupon,  on  flccoiint  of  the  jjteiini-prefiKure  on  pigton«^  e  or  r|,  giviog 
tlie  exputsioQ'pliitefl)  thp  tendency  of  moviog  in  the  siiine  direction  a«  the  niain  piston,  the  steatn-port  is  dosed  by  the  ex- 
pttDiion^pIate.  When  tbe  main-pistoti  htiti  nttained  its  oppoi<ite  stroke-end ,  bb  «hewn  in  Fig.  1 1 ,  the  expAni«ion-Talve  is  still 
kept  Bt«tianary  by  the  trigger  Ny  till  disengngemeot  etc.  repentii  itself. 
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cation  (these  steam  ways  are  only  shewn  by  dotted  lines  in  our  drawing)  willi  ihu  Liorre*4pondinf 
cylinder  side.  If  we  assume,  that  the  expauBiim-plates  A/ij,  under  the  same  piston  travel  (Fig.  10), 
are  in  their  Iwft  position,  and  that  disengagement  had  not  taken  plaee,  then  steam  would  still  be 
rnshing  in,  at  the  left  cylinder  side,  and  bo  siniultaneoiiEly  entering  the  behind  piston  ^,  thusconntep 
balancing  the  pressure  on  the  latter.  It  would,  however,  bu  different  with  the  piston  **i^  for  on  ac- 
ciount  of  its  hind  portion  being  in  conimiinioation  with  the  right  hand  side  of  the  cylinder,  the 
pressure  exerted  on  this  side  would  only  be  equal  to  the  atniOpSpberic  pressure,  or  to  the  oondeo- 
aer  vacuum;  consequently,  the  moment  disengagement  ensues,  the  steam  pressure  will  bring  the 
pistons  eei  in  the  positions  shewn,  simultaneously  causing  the  plate  Aj  to  close  the  expansioo-porL 
For  the  return  stroke,  the  expansion  jdate  /tj,  must  muve  to  the  right,  so  as  to  clear  the  rights 
hand  steam-port;  but  as  the  expansion-plates  together  with  their  pistons  are  already  in  their  e$^ 
treme  right  position,  it  becomes  necessary  to  shift  them  into  their  extreme  left  position  shortly 
before  the  dead- centre  is  reached,  so  that  their  travel  to  the  right  may  be  taken  up  by  the 
trigger  Ni.  Owing  to  the  commencement  of  compression  behind  tlie  right  piston  t^y  the  pressure  on 
the  latter  is  almost  annulled,  and  as  the  steam  expands  in  the  cylinder,  the  steam-pressure  in  the 
valve-box  begins  to  exert  itself  on  the  left  piston  e.  This  causes  the  latter  to  slide  over  to  iU 
extreme  left  position,  when  the  steel  catch-plate  o  immediately  comes  into  gear  with  the  trigger  JVi, 
whereupon  the  same  action,  is  repeated  on  the  right  cylinder-side. 

<l   Til,  Ehler8,  Enj^iiieer  of  M.  Gladbach- 

As  an  example  of  a  very  simple,  though  cif  perhaps  not  quite  rational  Automatic  Va- 
riable Expansion-gear  working  with  slide-valves,  w^e  reproduce  Mr.  Th.  Ehlers  design  in  the  annei^ed 
Figs.  152  and  15:^. 
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Fig.  15»,  Fip.  15.1, 

The  main -elide  (7,   made  very  large  and  after  Meyer's  principle,  is  worked   as    u$uil  by 
lui  eooentric.     The  back  of  the  slide  is  furnished  with  two  steam-ways,  arranged  vertically  to  the 
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cylinder  steam-ports;  theise  steam- ways  are  aUeroateJy  ojiened  and  shut  by  vertical  sliding  ex- 
|>ansioii  plates  1111^.  The  following  inechanism  is  introduced  for  autoinatically  closing  these  steam* 
ways:  A  steel  wedge  oo,,  is  driven  into  each  of  the  expansion  valve  rods  FF^^  so  as  to  fall  respectively 
into  gear  with  the  steel  nibs  w?<j,  of  the  triggers  NNy^  which  action  is  assisted  by  the  spring  msy^ 
as  shewn  in  our  woodcuts.  These  triggers  are  hung  on  a  wroiight-iroii  beam  A^  the  rocking  mntion 
of  which  is  caused  by  its  connection  with  the  eccentric  rod  //,  the  lever  L  and  the  swing-axis  w;  Con- 
fining ourselves  to  the  motion  of  the  expansion-slide  i/,  the  horizontal  arm  of  the  trigger-lever  iV 
strikes  during  its  ascending  motion  against  a  cam  r,  the  position  or  excentricity  of  w^hich,  is 
controlled  by  the  governor;  we  may  here  insert,  that  the  angular  motion  of  the  one  cam,  is 
equally  transfeiTed  to  the  other  cam,  by  a  pair  of  equal  toothed  wheels  z.  The  knocking-out  of 
gear  of  the  nib  n  and  catch-plate  o  is  effected  by  the  cam  r  rotating  and  pressing  sufficiently 
against  the  arm  m  of  the  trigger  N.  As  the  expansiou-valve  spindle  Fm  weighted  by  the  spheri- 
cal ball  Qy  it  follows  that  when  disengagement  ensues,  the  expansion  jjlate  II  will  fall,  and  so 
close  the  steam-way  r  of  the  main-slide  (r.  In  order  that  the  cross-areas  of  tlie  steam-ways  ee^^ 
may  be  sufficiently  large,  the  main-slide  G  has  to  be  made  of  a  corresponding  extra  large  size,  but 
the  resistance,  resulting  from  the  steam-presRure,  may  be  diminished  by  making  the  sliding  surface 
on  the  cylinder,  no  larger  than  w^ith  the  Meyer  slide,  and  cutting  off  the  protruding  sides,  so  that 
the  pressure  on  these  protruding  parts  of  the  slide  G  is  annulled. 

*'.  Wilson's  Patent  Autouiatic  Vjiriiible  Expansion -Gear. 

i\n  pg,  83  the  intention  was  announced  of  reverting  to  the  Wilson  Patent  Autouiatic 
Variable  Expansion-Gear.  In  compUanee  herewith,  the  reader  will  find  this  cut-off  illustrated,  as 
attached  to  a  Horizontal  Engine  on  Plate  XIX,  though  the  writer  of  these  lines,  has  since  thought 
it  advisable,  to  describe  it,  in  connection  with  Slide-valve  gears  as  Wilson's  Circular  •valve  has 
already  been  discussed  in  these  pages* 

Fig.  1  Plate  XIX  is  a  side  elevation,  Fig.  2  is  a  plan  of  the  same,  partly  in  section, 
and  Fig.  3  is  a  transverse  section  through  the  cylinder  and  valves.  The  letters  of  reierence 
apply  to  the  same  parts  in  each  of  the  three  views. 

The  cylinder  is  provided  with  independent  supply  and  exhaust  valves,  each  in  separate 
valve  chests.  The  Supply  valves  A.  are  made  with  back  plates  A^.  to  remove  the  pressure  from 
the  valves,  in  the  niariner  patented  by  Mr,  Wilson  in  the  year  1856;  by  this  an^angement  the 
valves  are  perfectly  balanced.  The  exhaust  valves  H,  are  made  in  the  ordinary  manner,  and 
are  kept  against  their  faces,  by  steam  pressure  acting  on  the  back  of  the  valves;  each  valve 
chest  has  a  communication  with  the  steam-jacket  of  the  cylinder.  It  will  he  seen  by  Pig.  3, 
that  the  exhaust  passages  are  placed  on  a  hna^l  with  the  lower  sides  of  the  cylinder,  so  that 
any  water,  which  might  collect  in  the  cylinder  from  condensation  of  steam,  will  he  drained  off 
through  them.  The  exhaust- valves  are  worked  by  an  eccentric  upon  the  crank  shaft,  acting  on 
the  valves  by  rods  and  levers,  in  the  usual  manner.  Upon  the  crank  shaft  is  also  fixed  the 
eoeentric  G  for  working  the  slide-valves  -4.,  by  means  of  the  eccentric -rod  6*.  1.  and  the  rod 
C  2.  which  is  jointed  by  a  gab  to  the  lever  D.  fixed  to  the  shaft  /?.;  motion  is  also  transmitted 
to  the  lever  i>.  1.  and  shaft  E.  1.  by  a  connecting  link  K  2.  The  lever  IK  is  prolonged,  and 
provided  with  a  handle,  for  moving  the  valves  by  hand,  when  starting  the  Engine,  The  supply 
valves  A  are  acted  upon  by  the  plungers  F,  which  pass  through  sluftiug-hoxes  in  the  valve- 
chests,  and  they  are  assisted  by  springs  at  their  nuter  ends,  by  wliich  the  pull  upon  the  valves  can 
he  regulated.  The  means  of  giving  niotiuu  to  the  suiqdy  valves,  so  that  the  steam  can  be  cut 
off  at  the  required  portions  of  the  stroke,  determined  by  the  governor,  are  as  follows:  The 
spindle  of  each  supply  valve  A.  is  connected  by  a  link  (?.,  to  one  of  the  catch -plates  //;  these 
catch- plates   are   loose   upon  the  shafts  E  and   E,   1.    which   are   supported   by  journals   in   the 
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plate  /  atid  bracket  /.  1,  fixed  tn  thti  cyJiiider  oaBing*  In  each  catch -plate  //,  is  a  ni*tch  J,  into 
which  the  poiiite  of  the  catches  K  enter ;  these  catches  are  carried  by  the  double  levers  L^  keyed 
on  the  shafts  E  and  /;.  1 ;  the  catches  are  free  to  move  up  and  do^ftTi  in  the  said  levers. 
The  catches  K  are  lifted  mit  of  the  notches,  by  the  inclines  on  the  cut-off  plates  J/,  which 
are  loose  upon  the  shafts  E  and  E.  1.  As  soon  as  the  catches  A'  are  lifted  out  of  the  notches  J, 
the  catoh-plates  H  being  released,  allow  the  valves  A  to  be  instantly  closed  hy  the  combined 
action  of  the  springs,  and  the  steam-preasure  on  the  plungers  F.\  the  shock  is  absorbed,  and 
the  valves  brought  to  rest,  by  the  buffers  (»r  stops  A',  which  are  connected  by  the  rods  ^.1. 
to  arms  on  the  catch-plates  IL  The  time  for  releasing  the  valves  according  to  the  amount  of 
steam  required  by  the  Engine ,  is  regulated  hy  the  governor,  in  conjunction  with  the  differential 
hydraulic  regulating  apparatus^  in  the  following  manner: 

The  governor  is  driven  by  the  shaft  O  to  which  motion  is  communicated  from  the 
crank  shaft;  the  sleeve  P  of  the  governor  acts  on  the  vertical  rack  Q  and  at  the  same  time 
upon  the  lever  H^  by  which  the  supply  of  water  -  pressure  to  i\w  cylinder  *S,  is  adjusted.  The 
water  cylinder  S  is  provided  with  a  pistun,  and  water  is  admitted  alternately  above  and  below, 
the  piston^  by  the  action  of  the  governor  The  rack  Q  gears  into  one  side  t*f  the  pinion  T, 
and  the  rack  y  gears  into  the  other  side  of  the  said  pinion,  which  is  mounted  on  a  stud,  fixed 
in  the  horizontal  arm  of  the  elbow  lever  C/,  the  vertical  arm  of  which  is  jointed  to  the  rod  t/.  1. 
The  other  end  of  tb«  rod  U.  1.  is  jointed  to  the  verticiil  arm  of  the  elbriw  lever  K,  the  htirizontal 
arm  of  which  is  connected  by  the  rods  W  the  levers  IV.  L  and  the  rods  W,  2.  to  the  cut-off 
plates  M,  By  these  means,  the  position  of  the  cut-off  plates  is  varied,  and  the  catches  are 
thus  thrown  out,  sooner  or  later,  by  the  united  action  of  the  governor  and  of  tht^  regulator,  ani! 
thus  perfect  uniformity  of  motion  is  secured,  however  variable  the  load  *»r  pressure  of  ste-aro, 
so  long  as  the  steam  is  maintained  at  a  pressure  sufficient  for  the  maximum  load  on   the  Engine. 


/  Goldic  &  Mc,  (liMocli,  of  Oalt,  Ontario  (Caiiarta)^ 

According   to  Prof,  Radinger's   repfjrt   of  the  Centennial  Exhibition,   it    would  appear 
the  40  UP  Horizontal  Engine  exhibited  there,  by  Mussrs.  Goklit;  &  Mc.  CuUoch  of  Gait  (Onti 
waa  the  only  Canadian  Engine  exhibit.   We  reproduce  a  sketch  of  this  type  on  Plate  A'A',  Fige.  3andi 
whence  it  will  be  seen,  that  it  is  fitted  with  Autrimatic  Variable  Expansion-gear, 

The  main  -  slide  G  is  worked  as  usual,  from  a  separate  eccentric.  The  steam  -  chest  A 
surrounding  it,  is  bolted  to  the  cylinder,  and  made  as  small  as  possible,  because  the  expausioo 
slide  //  does  not  actually  slide  on  the  back  of  the  main -slide,  but  on  the  contrary,  worlu 
on  an  independent  surface;  consequently  the  steam  is  allowed  to  expand  in  the  valve-chest  witi 
each  piston-stroke.  The  two  expansion-valve  spindles  F  F^  are  carried  beyond  the  valve-chest  J?, 
and  fitted  with  steel  catches  ooj.  These  catches  are  raised  by  working  in  gear  with  the  spiral  cam  « 
of  the  gearing  rod  w;  the  latter  revolves  at  equal  speed  with  the  crank -shafts  and  by  the 
foreraentioned  rising  action  of  the  catches,  steam  is  admitted  intt^  the  valve-chest  A^  In  order  that 
the  travel  of  the  slide  H  be  as  small  as  possible,  grid-iron  valves  are  used.  As  soon  as  tJi^ 
cam  rt,  becomes  disengaged  from  the  catch  o,  the  steam-pressure  playing  on  the  end-areoi  of  tb 
valve-spindle,  closes  the  grid-iron  valve  //,  the  dash  pot  (air  cushioned)  i)  preventing  any  coucusaioo. 

rt  falls  to  the  lot  of  the  governor,  to  push  the  catches  nwp  and  the  rod  wt  in  a  horijscmtal 
direction,  so  that  owing  to  the  peculiar  form  given  to  these,  the  raising  of  the  valve-spindle  FFi^ 
may  ensue  sooner  or  later.  The  connection  between  the  govenior-rod  R  and  the  spindle  »; 
through  the  cranked  lever  M^  may  be  inferred  from  Fig.  3,  though  we  should  observe,  that  tJi« 
coupling  A'  allows  the  rod  ir  both  to  rotate  and  to  slide  horizontally. 

This  Engine  with  a  cylinder-diameter  of  15  in.  (381  mm,)  and  a  stroke  of  22*4  in  (WJ  quxl)^ 
worked  at  85  revs,  per  min.  and  developed  a  mean  piston-speed,  equal  to  5  ft  3  in  (1*6  m.)  per  MC 
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ff.  Thomas  &  T.  PowelK  Engineers  of  Rouen. 
Typo:  Correy. 

For  many  years,  the  Eogineeriiig  Firm  of  Messrs.  Thomas  &  T.  Powell  of  Eouen,  has 
oonstnicted  Coinpound  Enginea  fitted  with  Correy'a  Expansion -gear*  Although  this  firm  has  not 
omitted  to  avail  itself  of  certain  minor  improvements,  as  revealed  to  them  b}'  continued  practice, 
still  on  the  whole,  the  latest  Engines  of  Messrs,  Thomas  &  T.  Powell  are  similar  to  the  first 
turned  out  by  them,  if  we  except  certain  constructive  details.  The  Engine  type  represented  on 
our  Plate  30  may  therefore  be  accepted  as  of  long  approved  design. 

A  description  of  the  Correy-gear  will  be  found  in  "Engineering"  Vol.  XX  pg*  354,  and  in 
VtiL  XXV  pg.  504;  a  copy  of  the  paper  read  by  Mr.  Pow^ell  on  the  same  subject,  will  he  found 
published  in  Vol.  XXVI  pg.  36  of  the  same  journal.  A  short  illustrated  description  of  the  Engine 
represented  on  Plate  30,  similarly  appeared  in  Engineering  issue  of  IT^h  Jan.  1879  ]>g,  51,  which 
we  here  re-produce; 

The  engine  exhibited  at  Paris  was  compounded,  with  cylinders  placed  side  by  side  in  the  usual 
way.   The  valve  of  each,  is  at  its  upper  end,  (the  lower  ports  being,  therefore,  very  long),  and  their 
spindles  are  connected   by   a  crosshead,  and  driven   together  by  a  triangular  cam  upon  a  weigh- 
shaft   lying   below  the  flooring.     Cut-off  valves  are  fitted  tn   the  small  cylinder  only,  a  pair  of 
plain  plates  being  used,    worked  by  separate  spindles  and  moving  on  the  back  of  the  main- slide, 
which   is  through   ported.     To  the    lower   end   of  each  cut-off   valve -epindle  is   attached  a  bored 
socket,  into   which    passes   from  below   a  round   rod   driven    by   a    small   eccentric   on   a   second 
weigh-shaft,  the  connexion  between  the  rod  and  the  socket  being  made  and  unmade  by  a  kind  of 
trigger  gear  controlled   by  the  governor*     The   expansion  valves  are  thus  always    opened  by  the 
eccentrics,    and  when   the  trip -gear  is   disengaged  (which  may  be  fr«»ra  0  to  0.8  of  the  stroke), 
they  are  at  once  closed  by  their  own  weight,  and  by  the  unbalanced  steam-pressure   ab<>ve  them, 
their    too  sudden   fall   being  prevented   by  a   dash-pot   as  usual     The    mode  in  which  the  actual 
disengagement  of  the    trip -gear  takes  place  is  very  neat,    and  successfully  gets  rid  of  any  of  the 
tendency  to   side-way    motion,    which    in  some    cases   injures  the  accuracy   of  such  arrangements. 
The  governor  weigh-shaft  carries  a  cam  having  a  serrated  edge,  and  the  trip  occurs  l)y  the  contact 
of  a  »teel  knife-edged  pawl  with  this  cam,  the  special  point  in  the  construction  being  that  the  lint^- 
of  pressure  between  cam  and  pawl  always  passes  thnmgh  the  axis  of  the  former,  and  there  is  thus 
no   tendency  to  displace  it.   The  work  to  be  done  by  the  governor  is  in  this  way  almost  nothing, 
being   confined   entirely   to   moving    the  cam    and    the  light   linkwork  -  gear  which    works  it;  the 
ft  actual  disengagement  throws  no  work  on  the  governor,  but  is  done  by  entirely  independent  means, 
HdM|  pointed  out  above.    Any  too  quick  motion  of  the  governor,  consequent  on   its   having  such   on 
^flBjDeedingly  small  resistance  to  overcome,  is    prevented  by  the   use   of  the  oil  cataract,   shown  in 
the  engraving,  between  tlie  air  pump  and  the  centre  column.     The  type  is  one  greatly  in  favour 
with  many  French  manufacturers,  so  much  so,  that  it  is  asserted  that  Messrs.    Powell   have  found 
it   impossible  to  introduce    direct-acting  engines,   and  have  therefore  wisely   contented  themselves 
with  perfecting  the  older  form    of  machine.      The    trials  described  in  Mr*  Thomas  PoweU's  paper, 
above    referred    to,    certainly    show   most    satisfactory    progress    in  this  direction.       One   engine, 
indicating  138  horse  power,  used  15.43  1b.  of  water  per  indicated  horse  power  in  the  cylinder  and 
1.47  in   the  jacket   and   pipes,    —    a  total  of  only  16.91  lb-      Another  pair  indicating  355  horse 
power  used  only  14.43  lb.  of  water  per  indicated  horse  power  in  the  cylinder,  the  jacket  consumption 
not  being  measured.     Exceptionally  good  results  were  also  obtained   from  an  old  engine  to  which 
ithe  Correy  gear  had  been  applied;  its  construction  being  one  that  allows  of  adaptation  to  existing 
ines  with  very  little  trouble. 

For  those  however,  not  conversant  with  the  Correy-gear  the  follow^ing  explanator}^  references 
the   drawings   on    Plate  30    will    be  found    interesting:    The  distribution   of  steam    to  the  high 
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and  low  pressure   cylinders  is  effected^  hy  slide-valves  receiving  equal  travels  Irora  a  cam  .4.    Tk 
expansion  plates  /*  Aj  working-   independently  of  each  other  and  each  driven  from  an  eccentric  /?, 
slide  on  the  back  of  the  main-slide  G. 

The  cylindrical  top  part  (*-)  of  each  of  the  expansion  eccentric  rods  E\  slides  in  a  socket 
/  (Fig.  8)  of  the  valve-spindle  F;  this  socket  is  fitted  with  a  catch  w,  through  the  annular  opening 
of  which,  the  eccentric  rod  is  able  to  slide  freely.  When  this  socket  assumes  its  lowest  position, 
a  recess  or  step  o  of  the  eccentric  rod  comes  opposite  the  bolt  n  into  which  it  gears,  owing  l«»  the 
action  of  the  spring  ^.  As  a  consequence,  the  socket  /  with  the  valve-spindle  F  follows  the 
motion  of  the  eccentric  e  with  the  up  travel  of  the  eccentric,  and  the  expansion-plate  A  is  movf 
so  opening  the  valve  through-port,  till  the  trigger  p  knocks  against  the  ccmtact-plate  r  which 
under  governor  control  Wheu  this  happens,  the  lever  /.:  is  forced  back,  by  which  disengageiueni 
of  the  two  rods  f  and  F  is  effected.  To  explain  this  disengagement  action  more  clearly,  the  valve- 
spindle  F  is  made  of  a  rather  large  cross-area,  on  which  the  full  pressure  of  the  steam  acts,  so 
that  the  moment  the  bolt  h  becomes  liberated,  the  steam  forces  the  expausion*plate  down,  thus 
closing  the  through  port.  All  jarring  is  prevented  by  the  use  of  the  dash-pot  Q,  The  eccentrica 
are  set,  so  that  they  attain  their  highest  position  when  the  piston  is  at  */io  tjf  its  stroke,  this  being 
consequently  the  limit  of  the  range,  under  which  automatic  expansion  ensues. 

In  case  the  expansion •  plates  should  remain,  contrar^^  to  expectation,  in  their  highest 
positioti,  then  the  sockets  are  carried  along  by  the  rods  q  (fig,  8)  fastened  to  the  prongs  of  the 
eccentric  rod. 

Our  Fig,  9  displays  the  position  of  the  two  expansion  -  plates  which  are  independent  nf 
each  other,  and  also  the  distributing  valve  rod  L  placed  at  the  side  of  the  valve-chest,  as  well  as 
the  contact  plate  r  fitted  to  the  governor  rod  m.    The  main-slide  is  represented  in  plan  in  Fig.  7. 

The  high-pressure  cylinder  has  a  stroke  of  3'  8*V  (1130  mm.)  its  diameter  is  14  in 
(355mm.).  The  low-pressure  cylinder  has  a  stroke  of  5  ft,  (1524  mm.);  its  diam.  is  2'  3"  (G85inm.). 
With  a  boiler-pressure  of  V/^  atm.  the  crank  runs  at  32  revs,  per  min. 

Messrs.  Thomas  &  T,  Powell,  construct  these  Beam-engines  in  three  sizes  viz:  Prom  18— 
35  indicated  horse-power  with  one  centre-pillar,  from  Ml — 75  HP  with  two  pillars,  the  side  sup 
ports  of  which,  rest  in  the  walla  of  the  engine-house,  and  in  Kngines  of  over  75  to  "iOO  JIl*  the 
same  arrangement  is  retained,  with  the  addition  of  staircasing  for  rendering  the  top  parts  of  Uie 
Engine  easily  accessible. 


L  Bandlor  Freres,  EngineerH  of  Rouen* 

On  Plate  31  will  be  found  a  Ctmipound  Beam-engine,  constrncted  by  Messrs.  Boudier  PreP» 
of  Rouen;  Fig,  1  gives  us  a  side-elevation,  Fig.  2  represents  the  trip-gear  as  applied  to  the  Hx^h 
pressure  cylinder^  and  in  Fig.  3  the  cams  are  shewn  on  an  enlarged  scale. 

As  far  as  the  general  construction  of  this  Beam-engine  is  concerned,  it  does  nut  aiiiit 
from  the  accepted  type.  The  valves  are  placed  at  the  top  end  of  the  cylinder,  and  worked  by  a 
suitable  cam-arrangement 

Of  special  iniportance,  is  the  expansion  gear  arrangement,  with  which  the  high-pre««ttre 
cylinder  is  supplied.  As  shewn  by  Fig.  2,  the  expansion-slide  is  of  the  grid-iron  type*  and  it 
if  forced  to  open  and  shut  twice  during  each  revolution  of  the  crank.  The  valve-gear  is  worked 
from  a  weigh*shaft,  placed  under  the  floor -line  in  a  slanting  direction  tu  the  engine  uentri* 
This  weigli-sJiaft  drives,  in  the  first  instance,  tlie  governor  by  bevel-gear,  and  then  the  distril  i.  . 
valves  by  the  furementioned  cam  -4,  and  laatly,  the  same  weigh-shalt  transmits  motion  to  a  m^-  I'l 
shaft  fitted  with  two  pairs  ofcams<icr^,  and  Mj,  by  means  of  a  pair  of  toothed-wheels.  Each  of  tti  -r 
cam-pairs,  comes  in  contact  with  an  anti-friction  roller  carried  in  a  bracket  or  &ame  f.' rouiil  - 
weigh -»haft  IL     One  pair  of  these  cams  Utaij^  works  iJie  frame  during  the  one  piston-etroki  lt- 
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dually  towards  the  valve-chest  which  motion  corresponds  with  an  opening  of  the  expansion-slide. 
For  this  purpose,  the  rod  of  the  last  named  frame,  is  famished  with  a  trigger  N  gearing  on  to 
ithe  steel -nihbed  end  of  the  dash-pot  spindle  /',  which  is  connected  through  cross -rods  with  the 
lexpansion-yalve.  In  this  manner,  the  dash-pot  spindle  is  pushed  upwards  hy  the  trigger  A",  but  this 
Xuotion  is  merely  continued  till  the  trigger  N  comes  in  contact  with  the  nob  r,  which  is  under 
governor-control,  when  disengagement  ensues.  That  is  to  say,  the  counter-pressnre  of  the  nob  r 
against  the  trigger,  releases  the  latter  from  the  dash-pot  spindle,  which  is  tantamount  to  a  shut- 
ting of  the  expansion  slide. 

The  cam  a  continues  to  force  the  frame  upwards,  till  the  end  of  the  stroke  is  almost 
Cached,  but  as  with  the  beginning  of  the  return  stroke,  the  trigger  is  again  obliged  to  come  into 
action,  the  Iramemust  necessarily  he  brought  into  its  opposite  extreme  position;  this  is  accomplished 
by  the  second  cam  pair  bh^. 

As  shewn  in  Fig.  2,  a  throttle-valve  under  governor  control,  is  inserted  in  the  steam  supply 
pipe.  On  account  of  the  valve  box  being  placed  at  the  top  end  of  the  cylinder,  the  clearance 
tpaoe  at  the  bottom  side  of  the  cylinder,  becomes  remarkably  large,  so  that  the  final  advantage 
^f  the  Automatic  variable  Expansion  gear,  may  well  be  drawn  into  question. 

t.  £.  Windsor  &  Son^  Engineers^  of  Rauen. 

hp  Amongst  the  Engines  exhibited  at  the  late  Paris  International  Exhibition,  the  Compound 
am-engine  of  Messrs.  E.  Windsor  &  Son,  of  Rouen,  attracted  much  attention.  This  type  is 
constructed  in  various  sizes,  up  to  300  indicated  horse-power  by  the  foremen  tioned  firm,  though 
the  engine  exhibited,  was  announced  as  of  100  nominal  horse -power.  It  is  this  machine,  which 
we  illustrate  on  Plate  30,  in  Figs.  1  to  3. 

Following  the  description  given  in  *^The  Engineer"*}  the  engine  is  surmounted  by  a  platform 
and  gallery  in  cast  iron  surrounding  the  beam,  which  are  supported  by  ten  cast  iron  columns, 
'our  of  which  in  the  centre  carry  the  frame,  to  which  the  entablature  is  fixed,  on  which  the 
ilummer-blocks  of  the  beam,  are  mounted.  The  beam,  which  is  24ft.  7 in,  long,  weighs  about 
10  tons.  The  diameter  of  the  fly-wheel  is  23  ft,  the  form  of  the  rim,  rectanglular,  and  the  weight 
about  15  tons.  The  shaft  on  which  it  is  keyed,  as  well  as  the  crank,  which  is  nearly  3  ft.  7 in.  in 
length,  are  made  of  wrought  iron.  The  connecting  rod,  which  is  worthy  of  notice  for  its  sym* 
roetry  of  form  and  the  rigidity  with  which  it  works,  is  made  of  cast  iron.  The  two  cylinders, 
which  work  on  the  Woolf  system,  are  steam  jacketted,  the  height  of  the  outside  casing  being 
about  8  ft.  6 in.,  and  are  lagged  with  oak  and  copper  bands  lined  with  cowhair  felt,  to  prevent 
condensation.  The  governor  is  placed  between  the  four  columns  which  support  the  beam,  and 
transmits  its  movement  to  the  patent  valve  gear,  acting  directly  on  the  slide  or  expansion  valve 
of  the  small  cylinder  without  the  use  of  a  throttle  valve.  The  mechanism  of  the  expansion  gear 
is  shown  in  the  detail  engraving,  where  ^4,  is  a  cylinder  in  briiss;  a,  an  orifice  between  the  cy- 
linder and  its  jacket;  C,  pipe  communicating  between  the  jacket  and  condenser;  i>,  pipe  conducting 
to  the  hot- well;  Tti",  piston  of  the  cylinder  A  without  packing;  /,  rectangular  orifices  four  in  num- 
ber, equal  and  symmetrically  placed  opposite  the  ports  of  a  circular  valve,  carried  by  a  rod  passing 
through  the  piston  rod;  H,  is  a  guide  attached  to  the  cross-bar  JT,  allowing  a  vertical  motion  to 
'the  socket,  J,  which  is  pierced  by  two  helical  grooves,  and  fixed  to  the  rod  of  the  circular  valve 
by  a  pin  or  cotter;  F^  is  a  rod  which  supports  the  socket,  J,  and  is  articulated  with  the  lever  of 
the  coupling  on  the  governor.  A  collar  or  ring  of  bronze  is  fixed  to  the  tappet  cam,  M.  J/ is  a 
ooved  cam  actuating  the  expansion  valve,  cottered  on  the  spindle,  N]  0,  is  a  tappet  pressing  on 
the  cam,  and  put  in  motion  by  the  variable  projection  of  the  boss;  P,  is  a  lever  carrying  the  atop 
Dr  tappet  O,  and  transmitting  motion  to  the  expansion  valve  through  the  rod,  Q\  Ris  the  rod  of 
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the  counterweight,  for  the  back  motion  ot  the  valve.  The  pipe  C,  which  leads  to  the  condenaeCi 
ifl  fitted  with  a  cock.  The  steam  is  admitted  through  the  jacketting  into  the  valve  chest  bjr 
means  of  the  starting  valve.  The  expansiou- valve,  of  a  circular  form,  is  kept  in  contact 
with  the  ioterior  surface  of  the  valve  chest,  by  the  pressure  of  the  steam.  The  motion  is 
governed  by  the  rod  attached  to  the  lover  P,  which  keeps  the  stop  O,  in  contact  with  the 
embossed  cam,  wliich  in  moving  causes  the  lever  P^  to  describe  the  arc  of  a  circle,  varying 
in  length,  according  to  the  development  of  the  boss,  in  contact  with  the  stop*  The  cam  is  driv^ 
by  toothed  gear  on  the  spindle  which  governs  the  valves,  and  the  rectilinear  movement  of  the 
cam,  ascending  or  descending,  is  determined  by  the  movement  of  the  piston  J'Jy  which  is  connected 
with  it  by  a  ring  and  tlie  vertical  connecting  rods,  and  the  cross-bar  A'.  The  piston  with  its  rod, 
cross-bar,  connecting  rods,  ring,  and  embossed  cam,  represent  a  certain  weight,  which  tends  to 
lower  it  when  the  relative  position  between  the  embossed  cam  and  the  stop  or  tappet  andergoea 
a  change,  but  a  certain  amonnt  of  counter-pressure  is  met  with,  in  the  jacket  of  the  cylinder  on 
account  of  its  being  in  oommunicatii>n  with  the  condenser,  or  at  least  with  the  pipe  leading  to  it 
On  the  other  hand,  owing  to  the  pressure  established  underneath  the  piston,  or  rather  to  the  hmt 
of  the  cylinder,  being  in  connection  with  the  hot  well  of  the  condenser,  we  see  that  the  head  of  the 
cylinder  communicates  with  the  counter -pressure  in  the  jacket,  by  the  constant  opening  a^  while 
at  the  same  time  it  is  subjected  to  the  influence  of  the  pressure  underneath  the  piston  in  propor- 
tion to  the  size  of  the  openings  7,  which  are  variable.  A  certain  counter-pressure  is  therefore 
established  in  the  top  of  the  cylinder,  whose  value  is  dependent  on  the  relation  between  the 
pressure  below  the  piston,  and  that  in  the  jacket,  and  also,  between  the  sections  of  the  constaut 
opening  a,  and  these  variable  openings  L 

To  produce  an  equilibrium,  it  is  necessary  for  the  counter-pressure  above  the  piston  to  "be 
equal  to  the  pressure  belo.w  it,  pln»  the  weight  of  the  moving  parts,  and  this  is  obtained  by  suit- 
ably regulating  the  sectional  area  of  the  orifices  /.  When  the  speed  of  the  engine  varies,  the  form 
of  the  governor  is  altered,  and  the  motion  of  its  clutch  is  transmitted  through  the  rod  F^  to  the 
socket  J,  and  the  latter  is  raised  or  lowered  according  to  the  variation  of  speed.  This  vertical 
motion  is  transformed  into  a  rotary  movement  of  the  circular  valve  of  the  piston,  by  the  acium 
of  the  helical  grooves  drilled  in  the  socket  J,  on  the  cotter  at  the  base  of  the  rod,  and  instantly 
trfi'ects  an  alteration  of  the  proportion  between  the  areas  of  the  variable  openings  /,  and  ff,  and  disturbs 
the  equilibrium,  and  produces  a  vertical  motion  of  the  whole  of  the  movable  parts.  If  the  speeJ 
be  accelerated,  the  governor  clutch  is  raised,  the  grooved  socket  descends,  and  the  play  of  th»' 
cotter  slightly  opens  the  orifices  Z  The  result  is  that  the  counter-pressure  above  the  piston  is 
decreased,  the  whole  movable  parts  descend  by  gravity,  the  embossed  cam  offers  to  the  stop^  a 
section  whose  projections  are  less  pronounced,  and  the  admission  of  the  steam  is  reduced.  Iuv^^ 
sely,  if  the  governor  is  required  to  accelerate  the  speed  of  the  engine,  t.  f,,  if  it  has  sunk  a  littlf, 
the  play  of  the  socket  J,  on  the  cotter  slightly  closes  the  variable  openings  /,  the  counter-pressim 
becomes  greater  than  the  surrounding  pressure,  and  the  movable  parts,  acted  on  by  a  contuw}' 
influence,  are  raised.  These  different  motions  of  the  piston  and  embossed  cam  are  very  smoMth, 
being  the  result  of  dispositions  which  allow  the  suppression  of  any  intermediate  parts.  The  rt^i^ 
tance  is  reduced  to  the  friction  of  the  cotter,  which  governs  the  motion  of  the  embossed 
uf  the  tappet,  and  the  action  is  so  sensitive  that  any  alteration  of  speed,  even  if  imp* 
produces  an  immediate  effect  on  the  inlet  of  the  steam. 

The  valve  gear  of  this  engine  was  without  doubt,  the  widest  departure  from  the  numemTl^ 
modifications  of  the  Corliss  valve  in  the  Exhibition,  and  for  the  simplicit}'  of  action,  was  alom* 
worth  inspection;  but,  in  addition  to  this,  the  engine  reflects  gi^eat  credit  on  its  oonstmctoni  fur 
symmetry  of  design,  high-class  workmanship,  and  excellent  performance.  The  condenser  and  air 
pump  are  placed  at  the  side  of  the  steam  cylinders  below  the  bed  plate,  and  are  worked  direct 
from  the  beaiQt  an  well  as  the  feed-pump  for  the  boilers. 
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AcourdiDg  to  the  alatemeots  of  the  exJiibitors,  the  perforniaiicefii  of  these  engines  are  most 
atisfactoty,  and  the  result  of  numerous  trials  gives  a  consumption  of  1  kilog.  (2.2  lb.)  of  fuel  per 
horse-power  per  hour  in  lifting  water.  Several  engines  delivered  by  them  for  private  industries, 
tJonsunie  on  an  average,  only  0.812  kilog.  (1.76  lb.)  of  coal  per  hour,  and  per  indicated  hurse-power. 

The  Engine  just  described,  developed  an  indicated  power  of  350  horses. 


It  will  have  been  observed,  that  the  Expansion-gear  last  described,  can  scarcely  be  strictly 
termed,  a  trip-gear  arrangement,  but  as  its  effect  is  very'  similar,  its  discussion  at  the  end  of  this 
chapter,  appears  permissable.  The  same  remark  applies  to  the  fore-described  valve-gtiar  of 
Hessrs*  Goldie  &  Mc.  Culloch,  for  in  the  sense  of  the  preceding  valve- motions,  it  is  a  distinct 
two  valve-arrangement,  rather  than  a  duuble-valve  gear.  It  is  evident,  however,  that  with  the  many 
tDodifications  of  the  simple  D  slide,  it  would  lead  to  too  numerous  sub-divisions  were  we  to  adopt 
sti'ict  classification;  therefore  in  the  following  examples,  we  have  allowed  a  certain  latitude  in 
the  classification,  for  sake  of  convenience*). 


k   Alex.  Shanks  &  Son,  Engineers  of  Arbroath.  (K  BJ 

The  Automatic  Variable   Expansion -Gear,    of  Messrs.  Alex*   Slianks  &  Son,    of  Arbroath, 
dloDgs  to  a  valve-arrangement  displaying  a  short  valve-chest  and  comparatively  long  steam-way h. 
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_  _  Pig.  154 

•)  The  beailing   of  tUk  Chapter    in  the    urii^Dal  EditioDt    Uoe«   not  deal   with  Kngineii   wurkiog    with   sU de-vnlvej* 
trifi-geftrii:    btmci^  it  appeuretl    tiilviiiiible    to  the  writer    uf  ihe    preient  Edkioit    iu  geuertili»(t    khi^   Chapt<*r    tu    wider 
We  however,  mmn  foimd  it  Impcmgible  to  deal  eveu  with  tbe  most  important  slide-valve  getkn,    m  the  space  here   at 
disposal ;  and  we    thus    eame   to    tbe  cM>udti8ion,    that  the   only  way,    hi   whicli   we   could   satisfactorily    deal  with    thifi 
Rtter.    waj  to  prepare  a  Snppk'inentary  Volume*   to    thi*  Curl is*^- engine  Work,   in  which    we  propose  to  treat  cxelunjvely  of 
vulve-gearcd  Engines.     Acconliogly,   a  Supplementary   Volume   is  in  the  Fress^    wbic^h    ^U    be   obtainable  through  the 
channel. 
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In  Fig.  154,  we  give  a  perspective  view  of 'a  16 IJJ^,    Horizontal  Engine,  construckd  by  the 
[brementianed  firm,  and  fitted  with  this  Automatic  valve-gear.    Confining  our  attention  to  the  latter. 
Fig,  155,  represents  a  Sectional  Elevation  of  a  Cylinder  with  Slide-valve  gear. 
,,      156,  represents  a  Cross  Section  u(  same. 
„      157,  represents  a  Front  Elevation  of  ditto. 
„      158,  and  159,  are  Sectional  Details,  which  will  be  referred  to, 
„      160,  represents  an  arrangement  of  this  Gear  suitable  for  Horizontal  Engines. 
A,  is  the  cylinder  of  the  engine  with  its  steam  ports  a,  a,  and  exhaust  port  a*,  over  which 
^orks    the  main  slide-valve   B^  which   may  be   of  any   usual    or   snitahle    construction,   and   be 
driven  by  an  eccentric,  through  the  intervention  of  the  rod  6,  or  in  any  other  convenient  manner. 
The  valve  B^   is  perforated   or   provided  w^th   ports   at  c,  <?,    for  the  passage  of  the  steam 
therethrough  from  the  steam  chest  C,  into  the  ports  a,  q,  alternately,    as  is  well  understood;   and 
on  the  back  of  the  valve  are  fitted,  (so  as  to  be  capable  of  sliding  along  suitable  guides  d^  <i,)  the 
expansion  valves  !>,  7>,  by  the  motion  of  w^hich,  the  said  ports  t%  r,  are  each  closed  in  turn,    and 
the  steam  supply  cut  off  at  the  required  period  or  portion  of  the  stroke  of  the  piston,  as  regulated 
►y  the  governor,  according  to  the  varying  duty  of  the  engine. 

The  expansion  valves  Z/,  i>,  are  connected  with  the  governor  and  the  expansion  eccentric, 
the  following  manner:— £*,  E^  are  cross  arms  formed  in  one,  with  a  hollow  slotted  bar  F^  (see 
iguxes  158  and  159)  which  is  attached  at  its  low^er  end,  to  the  rod  e^  leading  from  the  expansion 
entric,  and  at  its  upper  end  to  a  hollow  rod  /  connected  by  means  of  links  ^,  <?,  to  one  extre- 
.ty  of  two  levers  G,  G,  having  their  fulcra  at  their  opposite  extremities,  at  A,  in  an  arm  or 
bracket  H,  carried  by  the  cylinder  A.  The  levers  G,  provide-  a  fulcrum  at  i,  for  a  central  lever  /;*, 
one  end  of  which  is  attached  to  a  rod  X*,  leading  and  receiving  a  vertical  motion  from  the 
ovemor,  whilst  the  opposite  end  of  this  lever  is  connected  to  the  upper  extremity  of  a  rod  /, 
passing  through  the  hollow  rod  /  The  lower  extremity  of  the  rod  /,  is  attached  to  one  end  of 
each  of  two  links  or  knuckle  joints  /,  /,  connected  at  their  opposite  ends  on  the  right  and  left 
hand  sides  respectively,  to  two  blocks  or  wedges  A',  A',  which  are  arranged  between  and  so  as  to 
be  capable  of  sliding  along  the  cross  arms  Ky  ^;  they  are  provided  with  grooves  fitting  projections 
%  m,  on  the  expansion  valves  />,  D,  in  such  a  manner  that  as  the  blocks  or  wedges  A,  A,  are 
>y  the  inclining  or  straightening  of  the  links  or  knuckle  joints  /,  /,  under  the  variable  action 
f  the  governor,  moved  the  one  towards  or  from  the  other,  the  expansion  valves  Z>,  i>,  in  their 
;iirn  will  be  caused  to  approach  or  recede  from  each  other,  thereby  varying  the  lap  and  causing 
ttie  steam  to  be  cut  off  by  the  said  valves  as  they  are  o))erated  by  the  expansion  eccentric  at  a 
ater  or  earlier  period,  as  the  case  may  be,  of  the  stroke  of  the  piston. 

The   expansion  valves    are  arranged,    so   as  to  be  balanced,   or  in   equilibrium,    the   steam 
leing  admitted  to  act  equally  on  opposite  sides  thereof* 

It  will  be  seen,  that  by  means  of  the  arrangement  herein-befcre  described,  the  travel  of  the 
[pansion  slide-valves  is  derived  from  the  expansion  eccentric  in  the  ordinary  manner,  and  that  the 
p  is  increased  or  decreased  automatically  under  the  action  of  the  governor,  by  a  motion  separate 
Ind  distinct  from  that  received  from  the  expansion  eccentric. 

In  this  description,  we  have  assumed,  that  an  additional  eccentric  was  necessary  to  w^ork 
,6  expansion- valve.  Though,  this  arrangement  is  recommended  for  new  Engines  ol  moderate 
iwer,  this  valve-gear  allows  itself  to  be  applied  to  many  kinds  of  existing  engines  where  only 
e  eccentric  is  used  to  work  the  ordinary  slide-valves. 

/,  ThoiuaB  Eoblnson  &  Saii»  Engineers,  of  Eoehdale. 

Another   constructive   example   of    a    Horizontal    High  -  pressure  Steam   Engine    belonging 
the  last   named  category,   is  the  one  Uhistrated  in  the  annexed  Fig.  16  L    It  is  one  of  a  new 


t«2 

series,  designert  by  Messrs.  Thomas  Robinson  &  Son,  of  Rochdale,   and    constructed   by   them  in 
various  8i2;es,  from  4  to  1000  indicated  HP, 

For  the  purpose  of  our  present  description,  we  select  a  20  HF  Engine.  The  bed,  cast  in 
one  piece  with  the  g'uide-bars,  is  bolted  to  its  foundation  by  ten  bolt-s,  and  has  the  cylinder  bolted 
to  it,  by  six  bolts*  The  cylinder  ports  are  10"  X  IVa"*  ^"*i  *^*^  exhaust  pipe  is  5V«  in^  diam.  The 
cylinder,  16  ins.  in  diara,  and  of  30",  stroke  is  iitted  with  an  improved  metallic  piston,  turned  truly 
to  fit  the  cylinder,  and  bored  to  receive  the  piston-rod. 


^ 
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Fig.  l«l. 

The  main-slide  is  of  cast  iron,  fitted  with  valve*spindlc,  turned  to  work  through  the  stuihng 
box,  and  connected  to  and  worked  in  the  usual  manner  by  separate  eccentric  ofi"  the  craiik-shivfL 
On  the  hack  of  this  main- valve,  an  expansion-valve  is  made  to  work,  the  main  spindle  of  whicli 
18  ooonected  by  a  link  to  a  variable  expansion^lcver,  worked  by  an  eccentric  ofi'  the  crankshaft, 
and  so  arranged  as  to  easily  alter  the  cut-otf,  whilst  the  engine  is  running,  at  points  var  ■  :  '"'  '^ 
Vio  to  710  *^f  *li^  piston  stroke.  According  to  our  engraving,  this  variable  cut-ofl'  is  not  .^ 
i«  e.  under  the  control  of  the  governor,  but  the  engine  works  under  fixed  expansion  rates,  wiucl) 
are  rendered  manually  variable  witJiin  the  forementioned  Hmits.  The  governor  is  however  made 
to  act  on  an  equilibrium  throttle-valve,  in  a  manner  **ufficiently  explained  by  Figs,  161  and  I6S 
the  latter  of  which  shows  the  equilibrium  valve  in  trausverse  section.  A  stop-valve  is  plaoed  in 
front  and  in  direct  communicatiun  with  the  last  mentioned  valve.  The  piston-rod  is  of  sttttil,  i\ 
in*  in  diameter,  truly  turned,  fitted  to  piston  and  cross-head  and  ground  in  and  firmly  cottered  t4i 
tlie  aame.  The  joints  of  the  valve-chest  and  cylinder  are  planed^  and  the  cylinder  in  additiaji  ii 
fitted   with  2  water  di$charge   cooks,   and  lubricated    hy  a  brass  lubricator  placed  on  Ihj9  io|i  o( 


the  cjliuder.  The  clearance  space  between  the  piston  aud  cover  at  each  end  of  the  stroke  amounts 
to  ^/^",  and  to  lessen  the  loss  resulting  herefrom,  the  main -valve  is  set  to  cut  off  at 
%  stroke. 

The  cross-head  is  of  wrought  iron,  and  is  polished  all  over,  and  bored  to  receive 
the  piston-rod  and  cross-shaft,  2%"  diam.  and  2  ft.  37^  in.  extreme  length.  The  bottom  slide- bars 
are  cast^  as  already  stated,  wnth  the  engine  bed,  with  the  top  slides  bolted  on.  These  slides  are 
4"x9V3^\  ^nd  are  lubricated  by  a  syphon  pipe. 

The  connecting  rod»  is  of  wrought  iron,  6  ft. 
3  in,  long  between  centres,  and  3%"  diam.  at  its 
thickest  portion;  it  is  fitted  at  each  end  with  gun-me- 
tal steps,  wrought  iron  straps,  gibs  and  cotters.  The 
crank  is  of  cast  iron,  and  bored  to  receive  the 
shaft  and  crank -pin,  the  radii  of  its  two  bosses 
being  2Vs  times  the  diameters  of  crank-shaft  and 
crank -pin  respectively*  The  crank  is  set  on  its 
shaft  in  a  hot  state,  and  thus  a  very  firm  grip  is 
secnrei 

The  crank-pin  is  of  steel,  2%  in,  diam. 
and  4r*/8  in.  long  in  the  journals,  truly  ground  into 
the  crank  and  firmly  cottered  to  the  same.  The 
crank-shaft,  made  of  wrought  iron,  has  a  uniform 
thickness  of  ^Ya".  The  crank-shaft  is  supported  on 
two -cast -iron  pedestals  fitted  with  cast-iron  caps, 
gun-metal  steps,  bored  and  turned  to  fit  their  respective  necks*  The  cast-iron  fly-wheel,  10'  6^' 
diameter  and  7  in.  on  the  face,  weighs  about  3  tons,  and  is  cast  in  halves,  and  running  at  65 
revolations  per  minute,  it  has  a  circumferential  speed  of  35%  feet  per  sec. 

The  governor  stands  on  column  bolted  to  the  engine  frame.  It  is  of  the  ordinary  Watts* 
type,  driven  by  bevel -gearing,  from  a  link  from  the  crank-pin.  In  conclusion,  the  Engine  has 
a  pump  for  supplying  the  boiler,  attaclied  in  a  separate  casting  to  the  engine-bed.  With  a  30 in. 
stroke,  and  working  at  65  revs,  per  min.  it  is  calculated  to  supply  500  gallons  per  hour  to  the 
boiler,  and  it  is  worked  from  the  cross-head. 


Fi|r.  Hii. 


m.  A.  RigR,  Engineer,  of  London. 


An  Automatic  Expansion  gear  working  with  two  eccentrics,  and  with  the  expansion  valve 
through-ported  sliding  on  the  back  of  the  main-slide,  has  now  become  tolerably  well  known  in 
England,  owing  to  its  appearance  at  the  Smithfield  Club  Shows,  as  well  as  owing  to  the  conspic- 
uous place  allotted  to  it  in  Rigg's  Steam-engine  treatise.  The  governor  acts  directly  on  the 
eccentric  of  an  expansion  valve,  and  regulates  its  stroke  in  order  to  varj^  the  point  at 
which  steam  is  cut  -  ofi\  and  the  slide  valve  is  driven  by  its  ow^i  eccentric  in  the 
usual  manner.  The  governor  proper,  consists  of  a  weighted  frfme  so  mounted  as  to  slide 
radially,  and  placed  against  the  expansion  eccentric,  the  whole  rotating  with  the  main  shaft  of 
the  engine.  Inclines  are  attached  to  the  frame,  and  corresponding  projections  to  the  eccentric, 
these  fitting  together  so  that  any  movement  of  the  former,  causes  a  change  in  the  stroke  of 
the  latter.  This  governor  is  compact  and  simple,  consisting  of  only  three  or  four  parts, 
instead  of  the  numerous  details  of  those  ordinarily  constructed.  At  a  certain  number  of  re- 
volutions, determined  by  the  strength  of  an  adjustable  spring,  the  governor  weight  flies  out- 
wards by  the  action  of  centrifugal  force,  and  in  so  doing  increases  the   eccentric  stroke,  cutting 
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off  steam  earlier,   until  when  the  weight  has  finally  reached  its   extreme  position,   there   is   only 
sufficient  steam  left  to  drive  the  engine  unloaded. 

th   HarHhall,  Sons,  &  Co.,  Lfm.  Oainsborough. 

Messrs.  Marshall,  Sons,  &  Co.,  Lim.  of  Gainsborough  have  of  recent  years  constructed  Hon- 
zontal  High-pressure  and  Condensing  Engines  fitted  with  Hartnell  &  Gutliries,  Variable  Expansion 
apparatus. 

The  Horizontal  Stationary  Engines  made  by  this  firm,  are  now  constructed  in  the  four 
following  types: 

A — Horizontal  Engines  with  inside  Crank,  and  both  bearings  contained  on  frame,  stroke 
about  IVj  times  bore  of  C3iinder,  quick  speed  governors  and  equilibrium  throttle  valve. 

B — Horizontal  Engines  with  inside  Crank,  and  both  bearings  contained  on  frame,  and  fitted 
with  Patent  Automatic  Expansion  Gear. 

C— Horizontal  Engines  with  disc  Crank,  stroke  twice  the  diameter  of  cylinder,  and  fitted 
with  Patent  Automatic  Expansion  Gear. 

D — Horizontal  Engines  with  disc  Crank,  stroke  and  ei|uipment  as  above,  but  fitted  with 
Condenser* 

Class  A  and  B  are  made  from  4  ta  10  HP,  inclusive,  as  follows: 


HORSE 
POWER 

ni&tn6t«>r  of 

Cylinder  tn 

Inehei. 

Length  of 
Stroke  in 

Ko.  of 
p«r  Hinttte. 

of 
Fly-Whwsl. 

4 

6V4 

12 

125 

4'  7" 

6 

8V.      ' 

12 

125 

:>'  2" 

8 

9V. 

U 

110 

5'  8" 

10 

lOV, 

16 

95       I 

6'  0" 

Of  classes  (f  and  />,  we  illustrate  perspective  views  in  Figs,  163  and  164,  and  as  already 
observed,   the    last  named    class   are    of    the   same    t^^pe   as  Class    C,    and    are    constructed  in 
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•ises,  from  10 — 35  HP.  The  condenser  in  this  class  is  adapted  to  quick  speeds,  thi^  vmU^ 
•Mtingti  are  of  brass,  with  India-rubber  valves.  The  Air-pump  is  connected  to  the  tail  euA  d 
th^  piBton*rod^  and  a  suitable   distance  piece  is  introduced    between   cylinder   and   ooodenaer  U 


ensure    speedy   and   accurate   relative   adjustment    of  these  parts,    in  erecting   the    engines.     This 
arrangement  of  the  condenser   has   been    adopted    with   a   view  of  reducing  the  necessary  founda- 

Ktions  to  the  simplest  character. 

'  Partly  following  the  particulars  given  to  the 

writer,  we  note  that  the  cylinders  are  made  of  cold 
blast  iron  and  steam  jacketted  with  a  separate  liner 
forced  in.  The  stroke  is  twice  or  more  the  dia- 
meter of  the  piston.  The  pipes,  ports,  and  pas- 
sages are  large.  The  Expansion  -  valves  are  on 
the  back  of  the  main- valves.  In  engines  having 
.cylinders  above  11"'  diameter  short  ports  are  in- 
troduced and  double  valves  at  each  end.  A  Stop- 
valve  is  fixed  to  the  cylinder  with  independent 
passage  to  the  jacket;  cylinder  cocks,  displaceiuent 
lubricators,  indicator  bosses,  etc.,  are  provided. 

The  Crank-shaft  Brasses  arc  in  four  pieces, 
capable  of  horizontal  and  vertical  adjustment.  The 
guide  blocks  are  adjustable.  All  the  valve  motion 
is  deeply  case-hardened. 

The  Automatic  Regulator  is  pnwerfiil  and 
sensitive;  for  it  acts  through  a  link  and  die^  on 
to  an  expansion  cut-off  valve,  working  at  the  back 
of  the  main  slide-valve.  The  ordinary  throttle 
valve  is  dispensed  with,  and  the  speed  of  the 
Engine  is  controlled,  by  means  of  the  expan- 
sion valve,  which  regulates  the  admission  of 
steam  into  the   cylinder,  exactly   in  proportion  to 

■  the  duty  performed  by  the  Engine.  In  this  manner, 
the  Engine  is  controlled  by  the  regulator  by  means 
of  a  simple  expansion  gear,  so  perfectly,  that  the 
whole  load  may  be  instantly  removed  with  but 
slight  variation  in  the  speed.  The  cut-off  extends 
to  about  *u  the  stroke.  There  are  no  inacces- 
sible valve  adjustments  concealed  in  the  steam 
t  chest. 
The  Fly-wheels,  are  turnt^d  to  receive 
doable  belting,  wide  enough  to  transmit  the  full 
power  of  the  Engine. 

The  Feed-Pumps  are  worked  by  a  separate  , 
ecoentrio.  They  have  bx*as8  valves  and  aeatings,  and  f 
an  air-vessel.  ' 

The  Engines    may    he  reversed    by   taking  1 
off  the   eccentric  sheaves,  which  are  cast  together 
in  halves  and  turning  them  end  for  end. 

^  The  Engine  Beds   are   made   right  or  left, 

B^nd    planed    on    the  under   surface;   all   the   other 

Hparts  are  similar  or  reversible. 

^^  A   pair   of  Right   and    Lett   Engines    may 

be    coupled    with    th<^    Fly  -  wheel    between    them 
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This    arrangement,   besides   giving   the    power    of   readily   starting  in    any  position  with  extra 
steadiness^  will    often  be  advantageous  as  a  means  of  reducing  cost^  where   one  Engine    can  be 
laid  down  at  tirHt^  and  the  second  provided  for,  for  future  anticipated  increase  of  power. 

In  the  annexed  table,  we  sh*nv  the  loads  at  which  these  Eogines  are  proportioned  to  work 
continuously,  i.  e.,  with  40  lbs.  mean  pressure  on  the  piston,  this  being  about  the  maximum  power  with 
60  Iba,  boiler  pressure,  equivalent  to  expansion  from  about  V^^^  stroke  with  80  lbs.  boiler  pressi^ 


DIMENSIONS 

POWER. 

OF 

ENGINE. 

> 
s 
02 

1 

C 

Indicated 

Cylinder. 

Fly 

Wheel. 

Muiiuuii. 

1   1 

-  ;  ■  E  S 

a 

1 

1 

S 

1    § 

10" 

20" 

7    3' 

105 

10 

26 

30 

33 

46 

11" 

22" 

8'  0" 

9« 

12 

31 

36 

40 

56 

12" 

•24" 

8'  8" 

88 

U 

37 

43 

48 

67 

13" 

27" 

9'  9" 

78 

16 

43 

5} 

56 

79 

H'," 

30" 

11'  0" 

75 

30 

54 

63 

70 

97 

16" 

33" 

12'  0" 

(Jf* 

35 

67 

78 

87 

100 

17V," 

36" 

13'  0" 

(ID 

30 

81 

94 

106 

U6 

19" 

36" 

13'  0" 

(JU 

35 

93 

1U8 

1-21 
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o,  Holborow  &  t'a.,  Enp:ineerH,  Stroud. 

The  annexed  woodeut,  (Fig.  I(i5,)  represents  a  type  of  Horizontal  High-Pressure  Engines,  a» 
made  by  Messrs.  Holborow  and  Co,»  of  the  Dudbridge  Iron  Works,  Stroud,  and  it  is  especially 
recoDimended  by  them,  in  all  cases  where  large  power  is  required  with  undeviating  regularity  in  sped. 

Engine  makers  have  in  their  recent  practice  tried  to  arrange  the  constructive  details  of 
their  engines  in  such  a  manner,  that  the  working  stress  should  pass  through  the  frame  or  bed 
plate,  and  not  over  it,  or  on  one  side  of  it,  and  similarly,  whilst  very  simple  engine  construction* 
have  been  introduced  of  late  years,  the  various  parts  of  the  modern  engine  have  been  largely 
reduoed  in  number.  By  these  means  greater  stability  and  durability  have  been  attained  in  tbe 
modern  Steam-engine,  The  engine  which  we  now  refer  to,  certainly  is  no  exception  to  tk 
progress  to  which  we  have  just  referred.  In  this  class  of  engine  the  frame  is  a  massive  bax- 
casting,  which  directly  connects  the  cylinder  with  crank-shaft  bearing;  the  latter  being  with  sUde 
block^guides,  cast  with  it  in  one  piece.  The  cylinder  is  bolted  firmly  to  the  frame  nr  engine 
plate,  which  has  a  recess  bored  in  it  to  receive  the  front  cylinder  cover,  and  ttds  last  furms  i 
kind  of  vowel  between  cylinder  and  frame,  and  renders  any  displacement  between  thera  itupoBsibk. 
The  cylinder,  with  steam  chest  and  steam  jacket,  is  cast  in  one  piece.  The  crank  shaft  is  of  )^ 
wrought  iron,  and  ample  bearing  surface  is  allowed  at  the  journals.  To  insure  steady  nmning  the 
lly-wheel  is  of  the  weight  required,  and  the  connecting-rod  is  of  best  hammered  iron,  wliile  iteel 
IS  used  for  all  the  working  pins,  including  the  crank  pin.  Similarly,  the  piston  and  valve  rodi 
afe  also  of  i*teel,  turned  to  gauge. 

Porter's  Patent  Hij:ch-»*^p<**^d  Governor  has  been  adopted  in  these  engines  for  keeping  them 
under  peffeot  control.     With  regard  to  the  throttle  valve  for  the  smaller  sizes,  an  improved  wing 
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Ire  18  found  muffitneiit,  hut  with 
ea  above  18  h*»r8e-power»  nn 
I  improved  efiuilibrium  valve  is 
].  To  superheat  the  Hteani 
ii  has  passed  frinn  tJiehigh- 
preofRsre  cylinder,  a  simple  ar- 
rangement is  attached,  ho  that 
the  steam  may  entiir  the  low- 
preaaitre  cylinder  for  final  ex* 
IjansioD  dr}^  and  hot.  Especial 
care  has  been  bestowed  upon  the^ 
^eation  of  obtaining  the  proper 
proportiouR  of  «lido  valve  and  cv* 
linder  ports  and  travel,  so  as  to 
ensure  the  best  distribution  of 
steam  and  economy  of  fuel. 

It  will  be  noticed  that 
the  high  and  low-pressure  cylin- 
ders areentirely  separated^  having 
quite  distinct  frames  resting  on 
separate  foundations.  The  bed- 
plates are  somewhat  of  the  Cor* 
Hrs  type,  with  very  large  braelcets 
under  the  shaft  lit  a  rings.  The 
shaft  itself  has  two  bearings  only) 
one  in  each  bedplate,  aud  carries 
a  fly* wheel  and  spixr- wheel  be- 
tween them.  Cast-iron  discs  are 
for  cranks.  Both  cj^linders 
fitted  with  expansion  valves 
worked  by  separate  eccentrics, 
on  the  small  cylinder  cutting 
^try  early,  and  having  (as 
shown  by  the  cards)  a  capitally 
sharp  action.  The  Porter  gover- 
nor is  placed  on  the  high-pres- 
sure bed-plate,  but  this  Controls 
a  throttle -valve  only.  Both  cy- 
linders are  jacketted,  steam  being 
conveyed  to  the  jackets  by  sepa- 
rate pipes.  The  two  cylinders 
communicate  siniply  by  a  pipe, 
and  another  pipe  for  the  low- 
pressure  cylinder  connects  it  to 
the  condenser.  The  condenser  and 
air* pump  are  placed  directly 
behind  the  low-pressure  cylinder, 
the  pump  being  worked  by  a  pro- 
longation of  the  piston  rod  through 


f/ 


138 

a  hack  stiiffiiig-box.  It  will  be  seen  that  tlie  pump  is  single-acting  and  quite  open  in  front,  an  arrange- 
ment which  allows  the  condenser  to  be  brought  very  close  to  the  cylinder.  The  air-pump  piston 
is  fitted  with  a  gland  on  its  front  side,  which  can  be  packed  from  outside.  Messrs.  Holborow  have 
been  very  successful  in  obtaining  a  good  vacuum  with  their  arrangement  of  condenser,  a  result 
due  partly  to  the  special  care  taken  to  secure  a  thorough  admixture  of  the  injection  water  with 
the  steam,  and  partly  to  the  manner  in  which  the  other  details  are  worked  out.  A  steady  vacuum 
of  from  28  in.  to  29  in.  of  mercury,  which  they  seem  to  obtain  generally,  is  certainly  above  the 
average  vacuum  obtained  with  horizontal  pumps.  The  difficulty  of  obtaining  a  good  vacuum  with 
an  air  pump  worked  off  the  piston  rod  is  of  course  one  of  the  principal  reasons  for  using  some 
other  arrangement  of  pump  not  quite  so  simple  and  straightforward. 

The  engine  illustrated  is  employed  in  drix-ing  the  machinery  of  a  corn  mill  at  Cam,  ue»r 
Dursley.  Its  cylinders  are  14  in.  and  24  in.  in  diameter  respectively,  and  they  have  a  stroke  of 
2  ft.  Messrs.  Holborow  have  placed  at  our  disposal,  the  results  of  a  trial  which  though  a  ven- 
short  one,  was  carried  out  on  the  Farey-Donkin  system,  the  water  discharged  by  the  air  pump, 
being  measured  by  being  allowed  to  fall  over  a  tumbling*bay,  the  work  was  kept  uniform,  (tia^ 
same  stones  being  running  all  the  time)  and  special  care  was  taken  with  it.  Although,  therefor*-, 
the  results  cannot  he  taken  as  having  the  authority,  which  they  would  have  had,  had  they  been 
deduced  from  a  ten  hours'  trial,  still  they  may  be  taken  as  substantially  accui-ate:  and  taking  the 
good  action  of  the  valves,  and  the  exceptionally  high  vacuum  obtained,  into  account,  we  see  no 
reason  to  doubt  that  the  engine  is  working  with  very  great  economy.  The  following  are  the 
leading  particulars  of  the  trial  alluded  to:  — *) 


Duration  of  ti'ial. 

Sets  of  Indicator  cards  taken. 

Observations  of  discharge  from 
condensers  (height  and  tem- 
perature)  

Revulutions  of  Engine  per  minute. 

Steam  pressure  in  boiler. 

Vacuum  (mercurial  gauge). 

Indicated  horse  power 

Cut  off  treal)  (high  pressurt^    | 
cylinder;,,  about.       .»         | 

Ratio  of  expansion,  (totaL. 

Uaek  pressure  in  large  cylinder 
(absolute). 

Temperature  of  injectiuu. 

Temperature  of  discharge. 

Amount  of  discharge 

Amount  of  condensed  steara 
drawn  for  jackets 

Pounds  of  condensing  water  per 
pound  steam  condensed.    ,.. 


1   bour 
G 

6 
68..5 
53.0  lb. 
'28  2  in. 

4] 

1 
B.b 

19.5 

2.7 

54  deg.Fahr 

24.120  lb. 

73   „ 

30.6  lb. 

Pounds  of  steam  condensed  per  indi- 
cated horse  power  per  hour. 

Tuunds  nf  steam  from  jacket  per  indi- 
cated hor.sf*  power  per  hour. 

Jof'fl  corisimiptioH  of  Hetmi  per  indicated 
home  power  per  boin\ 

Heat  rejected  in  condensing  water  per 
indicated  horse  power  per  hour. 

Heat  converted  into  work  per  indicated 
horse  power  per  hour 

Heat  rejected  in  jacket  water  discharged 
per  indicated  horse  power  per 
hour 


Totol    ht'nt    ftccounti'd  for   per    indicated 

horne  power  per  hour. 
Corresponding  qaantiiy  of  steam  at  boiUr 

pressure  per   indicated  horse  power 

per  Ii4^w\ 


18.6  Ih 
1J8  . 
20.4   „ 


358 


22,873 


20.<>  lU 


Iti  regard  tn  these  particulars,  Messrs.  Holborow  &  Co.  observe,  that  this  Engine  did  m\ 
oonsume    more   than  20.4  lbs.  of  steam    per   indicated    horse -power  per  hour,  and  as  an  orditury 


*j   ht    rtiiuiraiii^    Hiib  iiiaI,     'Eugiiiecriiig      «tiiie^    rhut    tlie    CAlculatluuti    by  which  the  fortJU«ntk>utd    tigorm  «iR 
oblAiaedy  tae  Mmilmr  to  those  it  Jeecribcd  in  i'Vbr.   '87^^  iu  ciiunecdoD  with  tb«  S^uth  MetrupAiliUin  triiUft. 
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Gornish  boiler  will  readily  evaporate  W/.,  lbs.  of  water  per  Iba.  of  fuel  burnt^  the  amount  of  fuel 
co&flumed  per  indicated  horse-power  per  bour  will  be  represented  by  ^  ^=  1,94  lbs,  which  is  cer- 
tainly an  economical  result,*) 

p.  W.  N*  Daek,  Patrleroft. 

Dack*8  Variable  Expansion-valve,  as  made  by  Mr.  Wm,  Turner,  Engineer  of  Salford,  (Man- 
chester) is  illustrated  in  our  Fig.  166. 

In  this  arrangement  I  the  main- slide  A  is  through  -  ported.  On  its  back,  two  expansion- 
valves  BB^  are  made  to  slide,  and  these  are  worked  from  a  separate  eccentric-rod  /i,  which  is 
connected  to  a  double-lever  i>,  arranged  to  slide  in  the  guide-block  G.  This  lever  D,  is  connected 
with  the  expansion- valve  spindles  through  the  links  CQ  and  it  is  moreover  under  direct  governor- 
control,  through  the  adjustable  rod  E.  It  will  thus  be  seen  that  the  double-lever  I>,  in  addition  to 


I 
I 
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Fig.  1116, 

its  reciprocating  motion,  has  a  vertical  oscillation  imparted  to  it  by  the  governor,  and  that  when 
the  latter  interferes  with  the  travel  of  the  expansion-valves,  it  has  the  effect  of  pulling  these  two 
valves  further  apart,  or  nearer  to  each  other.  In  this  manner  the  position  of  the  expansion-valves 
BB^  is  altered,  thereby  varj^ing  the  cut-off  of  the  steam  to  the  main-slide,  and  consequently  also 
to  the  cylinder. 

It  is  evident  that  this  valve  motion  is  equally  applicable  to  steam -cylinders  with  long 
or  divided  main-slides  and  short  steam-ways,  though  we  have  grouped  it,  in  accordance  with  the 
cylinder  construction  herewith  illustrated.  Simplicity  is  unquestionably  its  great  merit,  and  in 
this  respect  it  will  be  ftmnd  tn  compare  favorably  with  the  extreme  complicatedness  of  many  of 
its  rivals. 

*l   Hempsted  &  Co.,  Enjoin een*  of  ttraEthain, 

For  a  number  of  years.  Messrs.  Hempsted  &  Co.,  Agricultural  Engineers  of  Grantham,  (Eng- 
land) have  fitted  their  Portable  Engines  with  a  Variable  Expansion  and  Cut-off  valve**) 

•)  A  later  improvement,  bruiighf  to  bear  on  these  Eoi^nes,  whicli  we  ^tiaU  tcj  illastrate  in  the  Supplementary  Volume 
pnnoimoed  un  pg.  129*  consists  iti  an  nrraiigemetit  for  dUcflimecting  the  htgb-presinire  from  the  low-pressure  cylinder,  so  that 
fn  eftse  of  a  break  down  to  either*  the  other  cylinder  can  be  u»ed  Independently,  anil  thus  avoid  a  stoppage  of  work^ 

*•)  De  Negri's  valve  gear  pablished  in  The  Eii^ueer,  19  Dec.  IS79t  is  another  example  of  un  Automatic  variable 
Expansiou  arrangement  to  which  the  reader  miiy  ako  refer. 
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*nsing 
likewise  works 


The  main*slide  valve  spindle  is  worked  through  a  guide  for  tlit;  purpose  of  taking  up  the 
oscillation  of  its  rod,  as  well  as  for  preventing  the  wear  of  the  rod  and  gland.    The  main  Blide  ha« 
iui  expansion-valve  sliding  over  it,  which  is  worked  hy  link  combination  direct  from  the  govemottJ 
and  this  expansion-valve  is  therefore,  under  direct  governor  control.  W 

With  a  maxinmni  load  on,  the  expansion  valve  is  arranged  to  cut  off,  at  two  thirds  stroke, 
but  as  the  governor  rises,  the  expansion  valve  also  rises,  Bhutting  off  the  ma  in- valve  ports,  thereby 
cutting  off  at  the  power  required,  and  vice  versa.  The  expansion-valve  spindle  is  worked  through 
a  stufling  box  on  the  steam -chest  cover,  the  removal  of  the  latter  affording  accessibility  to  the 
w^holo  of  the  valve. 

This  valve  gear  is  also  applied  when  required,  to  the  Horizontal  and  Vertical  Engines 
constructed  by  the  same  Firm. 

r,  SoeWt<^  Anoiiyme  des  Uslnes  de  Marquise,  Engineers,  Lille. 

(Type:  Fourlinnie.) 

One    of   the   first  Engines    started    in    the  Paris    Exhibition  w^as    a  Horizontal  Conde 
Engine,  exliibited  by  La  Societe  Anonyme   des  Usiues  de  Marquise,  Lille.     As  it 
with  a  double-slide  and  short  valve  chent^  it  may  here  receive  a  passing  notice. 

This  engine   has    been  patented   by   M.  Fourlinnie,  manager   of  the  works,    and    presents 
many    points    which    will    appear     novel,     in   English    eyes.       The    framing    is    of  cast    iron, 
really  in  four  pieces,  but  so  well  pnt  together,   and  so  clean  iu  the   joints,   that    it   is    not  easy 
to  believe,    that  it   has    not    been    cast   in   two   pieces,   one    at  each    side.      The  piston   rod  heiwl 
is  guided  by  a  vertical  parallel  motion,  the  joints  of  which,  are  made  with  straps  and  cotters 
solid  blocks,  forged  in  one,  with  the  rods.    The  upper  levers  of  this  motion,  are  keyed  on  a  cr< 
shaft  turning  in  bearings   on  the  side  frames,   and  on   each  end  of  this   shaft  is   keyed  a  dou: 
horizontal  lever.     That  on  the    right-hand  nf  the  engine,  looking  towards    the  fly-wheel  from  tl 
cylinder,  works  twu  single-acting  vertical  air  pumps  drawling  from  the  jet  condenser,  which  is  rigl 
beneath  the  cj^linder.     The  lever  at  the  other  side,   works  two  ordinary  plunger   pumps.     On  tJ 
parallel  motion  horizontal  shaft,  just  noticed,  are  two  sleeves;  one  of  these  carries  a  lever,  whicb 
is  connected  with  the  main  slide  valve    on  the  one  hand,    and  with   a  crank    *m   the   other.    Tie 
crank  is  made  m  a  horizontal  shaft,  carried  in   bearings  in  two  castings,    one   of  which  eupporll^ 
the  governor.     This  crank  shaft  is  driven  by  spur  gearing  from  the  main  shaft. 

Above  the  main-slide    is  a  grid-ii'on    expansion  valve,  actuated   by   an  arm  on   a  verticil 
shaft,  at  the  side  ot*  the  governor.    On  the  lower  end  of  the  governor  rod,  is  a  sleeve  fitted  with 
two  cams,    This  sleeve  rises  and  falls  with  the  governor,  the  weight  of  which  is  partially  balauo 
by  two  balls  sujiported  on  arms,     The  position  of  the   cam  sleeve  is  conti^oUed  by   the  governor,' 
aud  80  detenuines  the  point  of  cut-off     The  cut-otf  valve  is  worked  by  a  second  lever  and  sleeve 
rocking  on  the  horizontal  parallel  motion  shaft 

The  whole  engine  is  self-contained  in  the  sense,   that  little  or  no  excavation    is  reqmi 
and  abnormal  as  the  engine  appears,  it  is  indisputable  that  it  runs  exceedingly  w^ell,  and  compaj 
favourably  with  many  other  engines  in  the  Exhibition.     The  w^orkmanship    is  good,  and  the 
wheel,  w*as  one  of  the  finest  in  the  Exhibition. 

The  admission  of  steam  whieli  ct>rre8pond8  with  an  effective  duty    of  100-horse  power 
stated  to  be  one-tenth  of  the  stroke  of  the  piston.    The   principal  dimensions   are   as  foUow^s: 


DiAmeter  of  cyrmder.       .      . . 

Stroke  of  pisU>a 

Number  of  revolotloiis  per  tniDiitr 

Diamt^ter  of  air-pumpa 

Leogth  of  Ktruke  uf  buckets. 


23  Bin. 
8ft.  Sin 


Proportion  of  tteam  cylinder  to  air-pump 12  to  1. 

Diameter  of  fly-wheel 16ft.  9in. 

Width  of  fly-wheel 25-6in. 

The  width  of  the  fly-wheel,  ia  divided  by  a  flange  throughout  its  periphery  and  drives  two 
belts.  The  working  of  the  belts  is  very  true.  The  engine  reflects  as  much  credit  on  the  executive 
skill  of  the  workshops  at  St.  Maurice,  as  on  the  ingenuity  and  care  displayed  by  M.  Fourlinnie 
in  the  study  and  direction  of  his  work. 

The  elevation  and  plan  of  this  Engine  may  be  found  illustrated  in  ^'The  Engineer"  issues, 
dated  17^  and  24^  May  1878,  whence  the  foregoing  description  has  been  borrowed. 

s.  Bansome,  Sims  &  Head,  Ipswleh. 

The  Engineering  Firm  of  Messrs.  Bansome,  Sims  &  Head  of  Ipswich,  also  construct  a 
Variable  Expansion  gear,  which  the  annexed  Figs.  167 — 169,  shew  in  plan,  as  well  as  in  side  and  end 
elevations  as  attached  to  a  Portable  Engine. 

The  apparatus  consists  of  two  small  eccentrics,  A  and  B^  fixed  on  the  crank  shaft  C,  and 
famished  with  straps,  Z>,  and  rods,  />,  fitted  in  the  usual  manner:  the  extreme  ends  of  each  pair 
of  rods  are  connected  together  by  a  solid  link ,  F,  to  the  middle  part  of  which,  —  between  the 
ends  of  the  ecoentric  rods, — is  attached  the  rod  of  the  cut-off'  valve;  and  through  this  hollow  block 
the  solid  links  are  capable  of  sliding  vertically.  The  weigh  shaft,  H,  the  arms,  /,  and  supporting 
rod,  «/,  form  connection  between  the  links  and  governor,  K,  which  is  on  the  Porter  principle. 
The  action  of  the  whole  is  as  follows: — The  eccentrics,  ^»~the  rods  of  which  are  attached  to  the 
lower  ends  of  the  links, — are  fixed  at  such  an  angle  in  relation  to  the  crank  as  to  effect  an  early 
cut-off  whilst  the  eccentrics,  B^  attached  to  the  top  of  the  links,  are  set  so  as  to  allow  a  late 
suppression  of  the  steam.  When  the  load  on  the  engine  is  diminished  or  increased,  the  governor 
instantly  begins  to  operate,  and  continues  to  revolve  above  or  below  its  normal  speed,  until,  by 
the  rise  or  falling  of  its  arms  and  balls,  it  shifts  the  links,  and  brings  the  adjustable  valves  more 
or  less  under  the  influence  of  the  early  or  late  cut-off  eccentrics,  thus  regulating  the  supply  of 
steam  to  the  altered  load,  until  the  engine  again  makes  its  proper  number  of  revolutions  per 
minute;  slides  and  governor  are  quite  independent,  one  of  the  other,  and  the  steam  is  always  cut 
off  in  the  cylinder  at  a  fixed  point,  irrespective  of  any  change  which  may  take  place  whilst  the 
engine  is  at  work.  When  the  load  on  the  engine  is  diminished  or  taken  off  entirely,  the  same 
quantity  of  steam  is  admitted  into  the  cylinder;  but  its  ingress  is  checked  by  the  action  of  the 
throttle  valve. 

By  the  action  of  the  patent  automatic  governor,  the  exact  quantity  of  steam  iB  admitted 
into  the  cylinder,  in  the  ratio  required  by  the  load  on  the  engine,  the  induction  port  closing 
inmiediately  the  requisite  amount  of  steam  (required  by  the  engine  when  it  is  performing  a  certain 
duty)  has  entered  the  cylinder. 

The  slide-valve  is  shewn  in  plan  and  section  in  Figs.  170  and  171.  Side-view  and  Plan 
of  double  eccentrics,  are  appended  in  Figs.  172,  and  173,  with  a  view  of  explaining  the  method 
adopted,  by  the  last  mentioned  firm,  for  adjusting  the  expansion-eccentric. 

The  slide-valves  consist  of  one  large  3-ported  valve,  which  has  a  fixed  travel  over  the 
whole  lengths  of  the  ports,  and  a  second  small  grid-iron  valve,  which  regulates  the  admission  of 
steam  into  the  cylinder,  and  cuts  it  off  at  any  desired  point  of  the  stroke,  up  to  about  one 
half.  The  large  slide,  which  has  a  lead  of  ^/j^  inch,  and  a  lap  of  about  ^4  inch,  is  moved 
by  the  inner  eccentric.  A,  which  is  fixed  to  a  disc  on  the  crank -shaft;  the  small  or  cut-off 
slide  is  connected  to  the  outside  eccentric,  B^  which  is  loose  on  the  shaft  and  kept  in  position  by 
a  bolt  fixed  to  the  inner  sheave,  and  sliding  in  a  slot  in  the  outer  sheave.  When  the  load  on 
the  engine   is  increased    or  diminished,   and  it  is  required  to   admit  the   proper  amount  of  steam 


to     accomplish     the 
work  witb  the  smal- 
lest consumption  of 
fuel,   the   expansion 
sheave      ia     shifted 
round    so    that    the 
pointer  is  on  the  line 
with  the   marks   on 
the  sheave  indicating 
the    exact    point  at 
which  the  steam  will 
be  cut  off  in  the  a- 
Under,    and     conse- 
quently, the  amount 
ofexpansion^towhich 
it  will  he  subjected. 
In  order    to  set  the 
eccentrics    properly, 
and  arrive  at  the  ex- 
act relation  betwi 
the  load  on  the  engii 
and    the   amount 
steam  required,  it  ii 
advisable  to  test  the 
engine  with  a  fixed 
load    when    cutting 
off  the  steam  at  va- 
rious  parts    of    tiie 
stroke;  and  the  most 
economical   positioo 
of  the  slides  will  be 
determined  w*hen  the 
engine  is    just  able 
to  keep   up  iU  nor- 
mal number  of  rerw- 
lutioiis  without  fluc- 
tuation, at  a  given 
pressure  of  steam. 

As  the  guide  ban^ 
cross -head  and 
uecting  rod,  dei 
from  the  uau&I  p] 
tice  adopted  in  the 
construction  of  Po^ 
table  engines ,  we 
illustrate  in  phui 
(fig.  174)  the  guide 
bars  and  attachflMsot 
of  the  oroefl*li0id  t§ 
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the  pkton  rod^  and  we  alao  shew  the  large  and   small   ends  of  the  connecting-rod  in  Fi«.  175 
and  176. 


Figt.  170  and  171. 


The  usual   way  of  fixing   the   cross- head     f>   the  piston- rod,  is  by  keying  it  on  the  rod 
which  is  slightly  tapered   at  the  end;    but  in  this  plan,  no  compensation  can  be  made,  fosthe 


Ubland-Tolhaatoii,  Corlim-engines. 
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shoFtt^ning  of  the  conntjctiiig  rori^    thruugh  the  wear   of  its  briissijs   and  consequent  diminution^ 
the  clearance  of  the  piston,  on  one  end  of  the  cylinder. 

Again^  the  large  and  small  ends  of  most  eonnecting  rods,  are  made  with  a  strap,  which 
holds  the  brasses,  and  is  fixed  to  the  rod  by  means  of  a  gib  and  cotter.  In  this  method,  there  is 
some  difficulty  in  fitting  the  brasses  for  repair,  and  unless  the  workman  is  very  careful  in  driving 
the  keys  to  tighten  up  brasses,  they  will  bo  apt  to  heat. 

In  the  Engines  manufactured  at  Messrs.  Ransome  Sims  &  Head's  Works,  the  piston-rod 
is  screwed  into  the  cross -head  and  protected  by  a  strong  check-nut  at  the  back.  The  piston  is 
kept  from  turning  by  the  round  pin  which  is  passed  through  a  hole  at  the  side  of  the  boss  in 
the  cross -head,  and  touches  a  flat  surface  filed  in  the  side  of  the  rod,   thereby  acting  like  a  key. 

When    it   is   found,    that   the  con- 

— [, :^^   f    -[  ".^..rir:^ 1  necting    rod    has    become     shorter, 

)         through  the    wear    of   the  brasses, 
i         the    guide     bars     are     temporarily 
taken   ofi",    the    pin    io    taken   out, 
and    the  cross -head   unsciewed,  ^ 
many  threads,   as   are  equal    to  the 
diminished  length  of  the  connecting 
rod.     The    pin    is   then   reinserted^ 
and  the  distance  between  the  piston 
)     and   the   crank  shaft    becomes,   the 
\      same^  as  when  the  engine  was  new, 
and  the  clearance  between  the  pis^ 
and   the  two   cylinder   covers,   will 
be  perfectly  equal, 
Continuing  to  avail  ourselves  of  the  particulars,  kindly  placed  at  our  disposal  by  the  s; 
Firm,  the  connecting  rods  are  forged  out  of  one  solid  piece  of  iron,  so  that  the  greatest  accuracy, 

can    be    ensured    in   the 
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turning  and  shaping.  The 
brasses  are  circular,  both 
inside  and  out,  and  can 
be  easily  re-made  in  a 
common  lathe,  without 
any  fitting.  The  brasses 
are  kept  in  their  place, 
by  wrought -iron  coven 
secured  by  strong  bolts; 
and  between  the  cap  and 
the  T  end  of  the  rod, 
number  of  very  thin  si 
washers  are  strung  up< 
thebolts.WTienitisnecet- 


Fifi'  ns  »nd  1T«. 

Baiy  to  screw  np  the  brasses,  one  or  more  of  these  washers  are  taken  out,  according  to  the  wear  which  has 
taken  place,  and  the  cap  is  screwed  up  tightly  against  the  washers,  so  that  the  brass  bt^aring, 
only  lightly  touches  against  the  crank  pin,  thereby  avoiding  the  friction,  which  takes  place,  wkea 
the  brass  is  tightly  keyed  up  against  the  pin. 

All   the   plummer- block   brasses    of  the    engine    are    made    long   in    proportion    in   iin 
diameter,  and  rest   in  circular  beds,   bored  to  a  gauge,  in  the  same  manner,  as  in  the  conneetii 


and 
pod| 


soever  *) 


that   in   case    of  repair   tlie    new    brasses    can   he   inserted    without    any    fitting   what- 


Valve-gears,  with  long;  or  divided  Valve-chests,  and  short  Cylinder  Steam-passages. 
a.  A<  T.  Alleoek,  of  Newark  on  Trent, 


In  AHcock*8  Expansion-gear,  represented  in  our  Figs.  177^180,  the  expansion -plates  H 
and  //^  are  rigidly  eonneeted  together,  and  are  driven  by  a  separate  eccentric  7i.\,  to  which  they 
are  attached  in  such  a  manner  as  to  couple  and  uncouple.  This  is  accomplished  by  the  eccentric  7*7, 
giving  reciprocating  motion  to  two  parallel  bars  ppi^  which  iu  their  turn  move  the  valve-rod  F^, 
when  the  bolt  (r  o)  falls  into  a  corresponding  slot  of  the  bars  jyp^.  The  main-slide  G  made  extra 
long  to  shorten  the  ateam-piissages,  is  worked  from  the  eccentric  rod  ^,  the  eccentric  i?,  and  the  valve 
spindle  F,  To  obtain  automatic  variable  expansion,  the  forked  end  of  the  main  valve  spindle  F  is  at- 
tached to  a  rod  /i,  the  other  extremity  of  which  is  articulated  to  a  link  AA^  whose  swing-centre  is 
at  Z,    On  referring  to  Fig.  177,  we  observe  that  tlie  link  sliding-block  ?\  is  under  governor  control, 


Fig.  118. 


IHsr.  179. 


Fif,  ISO. 


I 


through  the  rod  M.  When  this  block  l  is  beh)w  the  sw^ing* centre  Z,  then  a  slide-rod  N N  with 
fixed  catch  n,  is  moved  in  contrarj^  direction  to  the  eccentric  rod  B^.  The  knocking  of  n  against 
r«/,  raises  this  bolt,  so  disengaging  or  uncoupling  the  parallel  rods  pp^  from  the  valve-spindle  /\. 
In  order  that  the  expansion-plates  ////j,  may  quickly  shut-off,  the  back  of  the  main-slide  carries 
a  cylinder  or  dash-pot  0  with  piston  Q.  As  the  latter  has  openings  i^r,,  it  follows  that  when  dis- 
engagement ensues,  the  steam  is  at  liberty  to  expand,  so  forcing  the  piston  Q  into  its  central 
position,  wliich  corresponds  to  a  Hhutting  off  the  expansiou*ports  through  the  plates  ////i-  The 
lower  the  link  slide-block  i  is  in  the  link  A^  the  smaller  will  the  grade  of  expansion  be,  wliilst 
cut'off  will  ensue  all  the  later,  the  higher  the  block  /  is  above  the  swing -centre  Z.  In  Fig  180, 
the  graphical  travel  of  the  main-slide  eccentric  JC  from  the  beginning  of  the  stroke  to  the  closing 
of  the  corresponding  port  is  shewn  by  the  arc  a  ^=0,85  stroke.    The  automatic  cut-off  is,  however, 


*)  CoTnpftr<^  iViot-Tiotf  oij  |>j?.   u;&. 
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restricted  to  %  atroke^  because  later   on^   the  catches  n  and  o   would  not  eome  in  contact  with 
each  other. 

h.  Baudier  Frferes,  Engineers  of  Rouen. 

The  Horizontal  Compound  Engine,  represented  on  our  Plate  J12,  is  a  type  also  constructed 
by  Messrs.  Boudier  Frires,  Engineers  of  Rouen. 

In  this  arrangement,  the  high  and  low  pressure  cylinders  m'e  placed  close  together.  Ordi- 
nary box  slides  are  used,  though  their  functions  are  somewhat  different  from  the  common  '^las*, 
owing  to  the  three  ports. 

An  ordinary  eccentric  is  used  to  drive  the  valves,  which  are  rigidly  conneeted  together, 
at  each  cylinder  end.  The  top  valves  receive  their  motion,  from  an  inclined  eccentric  and  swing 
piece.  They  supply  the  high-pressure  cylinder  with  steam,  and  effect  the  distribution  of  the  steam 
between  the  two  cylinders,  as  well  as  open  out  the  exhaust-passage  from  low  pressure  cylinder  to 
the  condenser;  on  |the  other  hand,  a  distinct  expansion*valve  is  used  for  the  steam  cut-off,  which 
is  worked  by  similar  mechanism,  as  that  descibed  in  the  same  Firm's  Beam  engine  (\nde  pg*  12^1 

Fig,  6  shews  the  forms  and  directions  of  rotation  of  the  cams  here  introduced. 

In  the  position  represttited  by  our  Fig.  4,  the  high-pressure  piston  is  on  its  left  dead  centre, 
whilst  the  low-pressure  crank  is  on  its  right  dead  centre.  Consequently  the  valve  *1  is  beginniii| 
to  open  the  right  (exterior)  port  of  the  high-pressure  cylinder,  whilst  the  whole  of  the  low-presaurf 
cylinder,  is  already  communicating  through  this  slide  with  the  condenser.  The  steam  already  expanded^ 
begins  to  pass  through  the  valve  B  of  the  high-pressure  cylinder  into  the  low-pressure  cylinJer. 
Hence,  the  edges  of  the  valve-laps,  facing  each  other  and  belonging  to  the  two  valves,  have  no 
function,  tliougb  they  are  obliged  to  be  constructed  long,  in  order  to  prevent  fresh  steam  from 
passing  direct  into  the  condenser. 

The  arrangement  of  this  Engine,  sufficiently  explained  by  our  Plate  32,  is  simple  ttnJ 
strong  in  all  its  parts.  Both  cylinders  are  steam-jacketed,  the  diameters  being  2'  5' 2"  (750  mm.! 
and  12*4"  G**0  mm.)  and  stroke  ^=  3'  8^4"  (1010  mm,).  The  jackets  communicate  with  each 
other,  and  the  steam  being  supplied  to  the  low-pressure  cylinder-jacket  through  a  pipe  4  in. 
(100  ram.)  in  diam.  passes  liut  at  the  top  (through  the  shut-off  valve  and  an  elbow-pipe)  into  tlj*» 
valve-chest.  The  exhaust-pipe  leading  to  the  condenser  is  6^,4''  (170  mm.)  in  diam,,  and  the  lattir 
is  placed  immediately  under  the  low-pressure  cylinder.  It  communicates  by  a  long  pipe  witli  tie 
air-pnmp,  arranged  under  the  crank-bearing  whence  it  is  driven;  the  diameter  and  stroke  of  thr 
air-pump,  are  respectively  15  in.  (380  mm.)  and  19%"  (5O0  mm.)*). 

c.   Wm.  &  John  Yates,  Canal  Foundry,  Blaekhurn. 

Messrs.  Wm.  and  John  Yates,  Engineers  of  the  Canal  Foundry  Blackburn,  recently  wn- 
structcd  a  fine  pair  of  Compound  Horizontal  Engines  for  a  Cotton  mill  at  Ludz,  (Russian-PtdanJ:; 
it  is  these  Engines  which  we  represent  in  elevation  in  Fig.  181,  io  semi-plan-section  in  Fig.  IS^ 
and  in  transverse  section  in  Fig.  183. 

They  belong  tu  the  group  now  under  discussion,  and  are  fitted  with  self-acting  variftW 
expansion  nh»tion  applied  to  each  high  -  pressure  cylinder,  with  the  fly-wheel  arranged  foT 
two  driving-belts,  each  two  feet  six  inches  wide.  Tlio  Scale  of  Figs*  181  —  183,  as  here  drawn  i* 
V4ineh  =  l  foot,  while  tlie  enlarged  details  (Figs.  184 — 186)  are  repre8ente4  t4>  a  Senile  of  %ini-k 
=  1  foot 


*}  W«,iiiAy  h«re  ronvetuetitly  rerer  tli«  reatJer  to  tlie  HoriKontiil  Engine,  canntrucied  by  M«  A.  A.  I>ttTCfyifft  £*' 
tpnMf  of  Lyonit  •»  yftVriiig  luiothtr  cftrrfully  ac>§ig^nt'il  tyjK*  nf  enjciue,  working  i^ith  long  v»lvi»«che#t,  short  iit#llOi-pMM<^ 
«xiil  iloiibU  ftlidi*  viilvet.     It  U  ftiWy  tlffii*ribi»il  in   Rttginevriiiic  t«»ne  il.  ^1   May   1878  pg.  49H. 
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Crank  shaft-largtsst  dian     M\*\ 


rames 


Air  pumps 


12  in. 


aeep. 


21  in.  dia. 


Air  pumps  stroke 
Condenser 


Boiler  pump 
Boiler  i>umi>  stroke 
Fly  pulley 


4  in,  diam. 
14  in. 
30  feet  diam^i   5  feel 


9  in,  wido.     Weight  36  Tons. 


Pl^ 


-ffi 


n 


M 


[I 


3 


26  in. 

28  iiL  diam.  4  ft.  long*  ' 
Thongh  tlie  details  of  the  cut-off  motion,  represented  in  Fig.  184  to  Fig.  186  ehew  the 
pansion  arrangement  applied  to  the   high-pressure  cylinders,   it   ia   also   applicable  to  all   classes 
of  Steam  Engines:  vertical  or  horizontal  and  whether  working  on  the  compound  or  single  cylinder 
principle. 

The  steam -ports  of  these  cylinders  are  of  the  ordinary  kind,  and  have  slide  valves  (GGj) 
Fig.  182  worked  by  the  eccentrics  in  the  usual  way,  with  just  enough  lap  t-o  give  a  free  exhaust, 
while  affording  ample  space  for  the  admission  of  steam.    Upon  the  hack  of  each  of  these  valves,  are 

cast  a  series  of  ports,  which  are  provided  with 
what  is  known  as  a  „grid-iron''  valve,  carried  by 
the  main  valves,  but  left  free  to  move  at  right  angles 
to  them.  These  grid-iron  valves  derive  their  motion 
from  a  cam  6  (Figs*  182  and  183)  fitted  loose  on  a 
sleeve  c  (Figs.  185  and  186)  of  cast  iron,  in  which 
is  cut  a  helical   or  spiral  slot,  extending   hall   way 

m  round  the  circumference,  fitted  on   an  upright  shaft 

<f  (Fig.  184)  the  top  of  which  is  hollow  with  a  vt-r- 
tical  slot  in  it.  These  slots  are  connected  by  ft 
steel  die  /  (Figs.  185-186)  fitted  on  the  end  of  a 
rod,   in   two   parts,   the   lower    part   revolving  with 

_^        the  shaft,  which  makes  exactly  the  same  number  of 

TJJ    rr,       ^'**^         revolutions  as  the  engines,  connected   to   the  uppn 
-.^  1  ..^..^^        part  by  a  cnnpling  box,  which  is  screwed  and  movd 
<l:[^tir"  np  and  down  by  means  of  friction  discs  tj  (Fig.  l^i 

'  connect-ed  directly  to  a  governor  and  a  pair  of  bevel 

wheels  J  the  rod  passing  through  the  larger  wheel- 
which  is  threaded  to  suit  the  screw  on  rod.  Th* 
action  of  the  apparatus  is  as  follows;  The  leather 
wheel  or  cone  worked  by  the  friction  discs  remands  stationary,  when  the  engines  are  running  at 
the  proper  speed  with  ordinary  weight  on,  but  if  the  speed  slackenw,  (in  consequence  of  a  fall  lb 
the  boiler  pressure,  or  the  addition  of  machiner}")  the  balls  of  the  governor  collapse^  and  htisi^ 
the  upper  friction  disc  into  contact  with  the  leather  bowl,  the  motion  of  which  is  transmittt^  t^ 
the  large  bevel  wheel,  causing  the  vertical  rod  to  he  screwed  down,  thus  lowering  the  die  in  th? 
helical  slot,  twisting  back  the  cam,  bringing  it  later  into  action,  and  continuing  the  steam  hmgiT 
on  the  piston,  until  the  impelling  and  retarding  forces  are  balanced.  If  the  speed  of  the  Enginf 
quiokens,  the  opposite  action  takes  place,  the  cam  is  shifted  forward  on  the  shaft,  and  the  steam 
„ont-off^'  sooner. 

It  will  be  seen  from  this  description,  that  the  apparatus  is  calculated,  closely  to  meet^  tJw 
requirements  of  perfect  expansion,  combined  with  steadiness  of  motion.  ITio  ports  being  witk 
open  and  afford  unrestricted  admission  to  the  steam  till  cut-off  ensues,  and  a  pressure  is  obtained 
on  the  piston,  almost  equal  to  that  in  the  boilers.  The  travel  of  the  expansion  valve  being  shaft, 
4ind  the  action  of  the  cam  rapid,  the  steam  is  almost  instantaneously  cut-off.  The  govemort  ^^' 
gnlating  the  grades  of  expansion,  being  driven  at  a  quick  speed  is  peculiarly  aensitive,  while  the 
jihort  distance,  it  is  arranged  to  travel,  makes  its  action  at  once  felt  upon  thd  engine,  and  pn^ 
aenras  uniform  speed* 


Fi««  186. 


In  Figs,  187—190  we  il- 
lustrate a  set  of  Indicator  dia- 
grams, taken  from  one  of  these 
Compound  Engines,  which  diagrams, 
certainly     bear    out    the     preceding 

>  remarks. 
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Fig«,  m-iw. 


d.  Expansion -gear  of  €•  PrBtt,  of  Berlin. 


The  Expansion-gear  patented  by  C,  Prott,  is  based  on  the  principle,  of  effecting  automatic 
[cut-off  whilst  the  Engine  is  running,  by  using  one  simple  slide. 

This  arrangement^  is  shewn  attached  to  a  Horizontal  Engine  of  13%"  (350  mm.)  cylinder 
diam.  and  27 Va"  C^OO  mm.)  stroke  on  Plate  XXI  (Figs.  1 — 4,)  whilst  the  disengagement  gear  is 
drawn  to  a  larger  scale  in  Figs.  5  and  6*  To  obtain  a  short  steam-passage,  the  balanced  slide  is 
divided  into  two,  and  in  imitation  of  the  Rider  valve-gear,  its  edges  and  cylinder  porta  are  arranged 

»in  slanting  helical  positions.  Thus,  if  the  slide  is  moving  in  the  direction  of  its  axis,  the  cylinder 
porta  are  opened,  either  for  steam  admission  or  emission,  whereas  a  sudden  rotation  of  the  valve 
round  its  axis,  implies  shutting  off  of  the  steam,  i  e.  beginning  of  expansion.  Owing  to  the 
large  slide-opening,  this  rotation  has  no  effect  on  the  steam-exhaust.  When  the  valve  has  again 
assumed  its  middle  position,  it  is  brought  into  its  normal  position  by  a  return  rotation,  and 
then  the  opposite  cylinder  port  may  open. 
I  For  this  purpose,   the   valve-epindle   F  (Figs,   5  and    6)  driven  by  an  eccentric,  has   two 

f  levers  aa|,  which  take  up  between  them  a  sliding  ring  b;  the  levers  ecj,  are  let  in  to  this  gliding 
ring  and  they  participate  in  the  reciprocating  action  of  the  valve-spindle.  The  top  saddle  piece  «, 
owing  to  this  motion,  swings  as  indicated  by  the  dotted  lines  (Fig.  5).  Against  its  upper  surface, 
a  pin  /  attached  to  the  peculiar  dash-pot  0,  is  made  to  glide,  and  these  two  pieces,  are  kept  in 
gliding  contact,  by  two  small  steel  springs  a. 

The  middle  position  of  the  valve,  corresponds  to  the  highest  position  of  the  saddle-piece  e 
I  and  dash-pot  piston  Q.  With  the  fulling  action  of  the  saddle  tu  either  side,  one  steam-port  is 
■opened  whOst  the  piston  Q  remains  stationary.  It  is  only  subsequently,  owing  to  the  steam- 
'  pressure  on  the  piston  y  (also  provided  with  spring)  that  the  dash-pot  piston  Q  begins  to  fall,  so 
^bringing  about  the  rotation  of  the  main-slide;  expansion  consequently  begins.  This  is  accomplished, 
Bby  coupling  the  connecting-piece  of  the  pistons  Q  and  t/  through  pin  h  and  the  two  levers  ;?^,  and 
"rods  k  k^  in  such  a  manner  to  the   lever  aa^,   as  to  prevent  the   latter  taking  part  in  the   recipo- 

I  editing  motion  of  the  valve-spindle.  The  lower  end  of  the  rod  k  is  furnished  with  a  steel-plate  ( 
resting  on  a  steel  bolt  m.  Therefore,  in  order  to  close  the  cylinder  port,  through  the  rotation  of 
the  valve,  it  is  only  necessary  to  pull  the  bolt  m  from  under  the  plate  /,  because  then,  the  steam- 
pressure  forces  the  piston  Q  down,  the  valve-spindle  receiving  the  desired  rotation  owing  to  the 
lever  combination  a  and  //. 

I  The  pulling  back  of  the  holt  w  is  under  governor  control,  the  latter  being  arranged  over 

the  crank-shaft.  (Fig.  2.)  For  this  purpose,  a  cam-disc  r  is  keyed  fast  on  the  crank-shaft,  and 
its  circumference  glides  against  a  swing-piece  ^/,  which  as  it  is  pressed  outwards,  presses  against 
the  wedge  link  p  connected  with  the  governor.  Owing  to  the  wedge  form  of  p,  it  will  be  seen 
that  the  more  it  is  raised  by  the  governor,  the  sooner  will  it  be  pressed  outwards  by  the  swing- 
and  vice  versa*  Moreover  as  this  link  is  linked  to  the  bolt  j«,  by  the  rod  n,  the  bolt 
become   drawn   sooner   or   hiter   from    under   the   plate   /  according   to    the   high    cir    low 


jiece  r? 


sooner 

U  k  i «  n  tl  -  'r 0  Iti «  u «>r> II ,  C'urliae-enginc*. 
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positiou  of  the  wedge  link  p.     The  spring  o  placed  behind  the  holt,  lands  the  latter  again  under 
the  plate  /  the  moment  the  daah-pot  piston  is  in  its  higheat  position. 

We  may  add  that  we  are  informed  that  at  the  Works  of  Mn  Freund  of  Charlottenburg 
near  Berlin,  Prott^s  Expansion  valve-gear  was  suhstituled,  in  place  of  the  Meyer  valve-gear 
attached  to  the  Engine.  The  result  was  a  verj^  marked  economy  in  the  consumption  of  power, 
and  the  regtilarity  of  speed  of  the  Engine  so  refitted,  has  been  pronounced  to  be  blameless,  even 
tinder  the  most  variable  loads. 


e.  Feodor  Slegel,  of  Schfliiebeck  on  Elbe, 
(Tjpe:  F.  A.  SchulB.) 
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On  pg.  120,  we  described  Schulz'  valve-gear,  and  we  may  now  add  that  it  is  constructed 
in  a  modified  style  by  the  Engineering  Works  of  Mr.  Feodor  Siegel,  at  Schoneheck.  We  represent 
this  modified  arrangement,  in  side-elevation  and  plan-section  in  Figs.  191  and  192,  as  attached  to  a 
Horizontal  Engine, 

The  alteration  made  in  this  valve -gear,  chiefly  consists  in  the  <ippli  cation  of  a  divided 
valve.  On  the  other  hand,  the  through-ported  rigid  plate  between  expansion  valve  and  main  slide, 
has  been  retained.  With  each  stroke,  the  expansion-plates  are  jointly  pushed  to  the  left,  so 
opening  the  steam- way  of  the  intervening  plate.  As  the  motion  of  these  expansion-valves,  is  obtained 
from  a  second  eccentric,  the  range  of  cut-off  lies  between  0,0  and  0,75  stroke.  The  steam  pressure 
on  the  thickened  valve-rod,  effects  the  prompt  return-travel  of  the  expansion-plate. 

The  former  somewhat  compli- 
cated external  valve-gear,  has  also  been 
simplified,  as  may  be  seen  on  referring 
to  the  annexed  Fig.  193-  197,  In  this 
arrangement  the  gearing  of  the  trigger 
^iVj  on  to  the  valve- spindle  F^  is 
not  direct,  but  is  eflfected  by  a  coupling- 
clutch  mz/i^  catching  behind  a  collar- 
piece  of  the  spindle  Fj.  This  coupling 
arrangement  is  introduced,  with  a 
view  of  obtaining  higher  grades  of 
cut-off&,  with  only  one  expansion* ec- 
centric 

We  may  further  draw  attention^ 
to   the  crank-shaft  bearing,  patented  hy 

J'eodor  Siegel,    and    illustrated    in    our 

Pig«.   198—200.   The  construction    is   at 

.onee     explained    by   our   woodcuts,    its 

object   being    the   prevention    of   undue 

strains   on  the  crank-shaft,  so  that  we 

will    only   add  that   the  last  mentioned 

Firm,  construct  these  High-pressure  En- 
gines   fitted  with  the  Schulz  Automatic  rigs.  193-197. 

ariable- expansion  Valve- gear  in  sizes  from  10  HP,  upwards,  calculating  these  for  a  steam-prea- 

sore  of  6  atm.  and  a  normal  cut-oif  at  Va  stroke* 
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/   J.  Fish,  of  SumiiiU,  (U.  S.  A.). 

The  double  slide-valve  gear  represented  in  our  Figs.  201  and  202  was  designed  by  J.  Fi&h 
of  Summit  (II.  8.  A.)  The  expansion  arrangement  is  worked  from  a  separate  eccentric,  and  for  reason 
of  its  great  simplicity  this  valve -gear,  requires  little  attention  in  working  it  For  securing  short 
steam-passages,  a  separate  valve  is  used  for  each  cylinder  end,  though  these  two  valves  {?(rj  are 
rigidly  connected  together,  so  that  the  motion  of  the  eccentric  rod  E  may  be  equally  transferred 
to  the  latter*  As  aforesaid,  motion  is  imparted  to  the  expansion  gear,  by  a  separate  eccentric 
rod  El  permitting  ciit-offs  between  0.0  and  0.7  to  take  place,  under  the  control  of  the  go- 
vernor. 

Two  expansion  plates  UH^  are  fitted  to  the  working  lever  shewn  in  Fig.  201,  and  resting 
at  times  on  the  main-slide  GG^  they  effect  the  variable  shut-off.  In"  this  illustration,  the  piston 
K  is  at  half-stroke,  and  as  the  port  e  is  open,  whilst  the  port  e^,  is  in  communication  with  the 
exhaust,  this  piston  is  moving  in  the  direction  of  the  inscribed  arrow.  Our  drawing  shows  tkt 
the  main -slide  can  slide  under  the  temporary  motionless  rocking  lever.  To  obtain  the  rocking 
movement  of  the  latter,  its  centre-pin  Scarries  outside  the  valve  box,  the  peculiarly  formed  lever 
A^(vide  Fig.  202).  The  latter  is  furnished  with  two  racks  rrj,  fitted  with  catches  n»j»  these  racki 
being  made  so  as  to  slide  in  the  bracket  N  as  shewn  by  the  dotted  lines.  These  catches  ^^ 
alternately  on  to  similar  catches  oo^  arranged  on  the  slide  rod  A  moved  by  the  eccentric-rod  £j. 
Ash  liming  the  latter  to  move  in  the  direction  of  the  inscribed  arrow,  corresponding  to  the  positiou 
drawn  in  Fig.  201  the  catches  n  and  o  come  into  gear  with  each  other,  and  as  A  is  not  able  to 
disengage  itself,  the  lever  N  along  with  centre-pin  Z  is  turned;  in  other  words,  the  plate  Uu 
brought  steam-tight  on  to  the  main-slide  Gr,  owing  to  the  steam-pressure  in  the  valve-chest,  And 
the  expansion  of  the  steam  in  the  steam-way  e. 

To  bring  this  expansion  -  gear  under  the  control  of  the  governor,  a  toothed  wheel  siti 
loose  on  the  spindle  r,  but  it  is  worked  by  the  governor,  through  the  lever  R  and  rod  3/.  As  thi* 
wheel  gears  on  to  the  racks  rr^^  it  follows  that  according  as  the  lever  R  is  actuated  by  tii« 
governor,  the  catches  nn^^  are  horizontally  brought  further  apart  from  or  nearer  to  each  other  I* 
follows  that  the  variable  cut-off  will  take  place  earlier,  the  nearer  the  catches  nnj,  are  brought  is 
tjach  other,  and  vice  versa. 

As  the  rack -slides  converge  towards  each  other  at  the  bracket -end,  the  lever  N  is  forod 
to  repeat  a  certain  fixed  oscillation,  independent  of  the  catches  nn^^  being  in  their  middle  ftf 
extreme  positions.  The  rise  and  fall  of  the  expansion  plates  need  not  exceed  half  the  width  ot 
the  port-opening. 


ff.  A.  Ransome  &  Co.,  Engineers^  London. 

To   avoid  the  waste   of  steam,   w^hich  takes  place  at  each  stroke  with  engines  having  tie 
ordinary  long  steam  ptassages,  Messrs.  A.  Ransorae  i%  Co.  of  the  Stanley  Works,  Chelsea  iL 
construct  engines   from  6    to  50  nominal    horse   power  with  short  steam- ways,  to  a  deitigii 
may  be  pronounced  both  solid  and  graceful. 

Taking  a  horizi»ntal  en^ne  of  20  nominal  horse  power,  for  the  purpose  of  our  pitted 
deioription^  it  is  guaranteed  to  indicate  70  HP  when  working  with  steam  of  60  lbs.  and  cnniD| 
off  at  '/'g  stroke.  The  cylinder  is  ISVa  i^-  diam.  and  2  ft.  3  in.  stroke,  and  it  is  bolted  to  tb 
engine^frame  by  four  1%'^  bolts.  Its  cylindrical  surface  is  steam-jacketted.  The  external 
motor  of  the  internal  shell  is  14^4  in. ;  the  steam  film  in  jacket  %  in.,  and  thd  ext« 
diameter  of  external  shell  is   ISy,  in.      The  latter   is   next  covered  with    felt  and  then  li|H 
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with  strips  of  polished  mahogaoy,  and  this  felting  and  lagging  is  continued  over  the  tmtii'e  valve- 
chest  excepting  its  two  covers  and  steam-supply  pipe.  The  steam-jacket  is  in  direct  communication 
with  the  valve-chest  and  is  drained  off  at  the  bottom.  The  exhaust  chamber  is  2'  6"  long^  and 
its  inner  vertical  side  is  1 2f  ^  in- tli^tant  from  cylinder  centre;  the  exhaust  ports  each  IV4  in.  wide, 
are  arranged  at  each  end  of  the  exhaust  space  which  communicates  with  the  exhaust  pipe  (4  ^  *j  in. 
internal  diameter)*  They  axe  separated  from  the  cylinder  steam  ports  ('  g  in.  wide)  by  metal-sides 
'/4  in  thick.  The  internal  distance  between  cylinder- covers  being  32%  in.  the  piston  5"  thick,  and  the 
stroke  being  27  in.,  it  follows  that  the  clearance  space  at  each  end  is  %  in.  The  centre  line  of 
main- valve-spindle  is  In^^^  in.,  off  the  cylinder  axis,  and  that  uf  the  expansion  valve  V  7'/Vi  ^^i 
the  distance  between  valve-chest  vertical  side  (internal)  and  cylinder-centre  is  21 V^  in.,  whilst  the 
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I  internal  length  of  valve- box  measures  3'  Sy^".  The  supply  pipe  leading  to  valve  chest  is  SV^'* 
diam.  The  openings  fi*om  the  cylinder  to  the  exhaust  aro  placed  low  to  drain  off  any  water  that 
may  be  farmed  in  the  cylinder. 

The  main-slides  are  fitted  on  a  spindle  (1  in,  diam.)  bushed  by  a  P/^"  tube,  through  which 
^  they  are  kept  23  in.  apart,  this  tube  being  23  in.  long.  —  The  main-slide  is  set  with  ^Vifl"  outside 
lap,  Yg  in.  inside  lap,  and  */^^  in,  lead,    and   its   spindle   has   a   three   inch  stroke   imparted  to  it 
from  its  corresponding  eccentric. 

The   expansion-slides    are   similarly  fitted  on  a  spindle  (%"  diam.)  similarly  bushed  by  a 
'  tube,   through  which  they  are  kept  is  3(M ./'   apart.     They  are  set  with  ^\^**  minus  lap,  and 
each   2yi  in.  Inng,   having    a    variable    stroke   of    1%  in.  to    4  in.  effected   by   eccentric   with 
[changeable  positions,  directly  controlled  hy  governor. 

Both  valve-spindles  have  their  left  ends  bushed  with  hrass-tubing  allowed  to  slide  through 
lrtii£fing*boxes   in   the   hind   valve-cover;    their    fore-ends    are   guided    hy  a   bracket-support  bolted 
the  engine  bed. 
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Fig.  201. 


The  feed  pump  is  similarly  bolted  to  the  engine  frame,  and  is  worked  from  a  third 
eccentric  mounted  between  the  crank- shaft  wheels,  with  a  4  in.  stroke;  its  suction  end  is  2Vi 
in*  diameter  and  its  delivery  end  1  ^^  in.  diam.  The  taiUend  of  this  eccentric  is  attached  to  a 
hollow  piston-plunger. 

The  piston  rod  'i'/s  in.  diam.  is  tapered  at  each  end  to  receive  piston  and  cross-head. 
The  double  slide-bars  are  4'  %"  between  bolt-centres;  the  bottom  slide  with  end-uprighta 
are  cast  in  one  with  the  engine  bed.  ^i 

The  top  slide-surface  is  2%  |^| 
from  piston  centre  line,  and  the  latter    ' 
is"  SVs  iri*  from  bottom  slide.    The  top- 
slide  has  oil-receptacle  in  centre. 

The  oonnacting-rod  6  ft  long 
between  centres,  is  3V^"x2*  „''  at  ita 
centre,  tapered  down  to  2V4"  X  2*^' 
at  its  butt-end  and  2^\**x2%"  at  ita 
strap  end.  It  is  attached  in  the  usual 
manner  to  the  motion- block  pin,  which 
is  2%  in,  diam.  tapered  towards 
nut  The  brasses  at  its  butt-end 
^V**  wide,  whilst  those  at  ita 
extremity  are  3V4  in.  wideu 

The   crank -pin   2'^    iil 
is  let  into  a  cast  disc  (2'  8%'* 
X  3V2"  wide)    keyed    on  the   crank 
shaft  which  is  turned   to  one  unifo: 
diameter    uf  5V4  in.    but    reduced 
i%'*  outside  of  fly-wheel. 

The  crank -shaft  (7%  in.  wi 
pedestal   is  cast   in   one  with  the 
gine  frame;    it  is  fitted  with  bi 
9  in.  wide,  and  oil -chamber  at  top.    Lastly  the  fly-wheel  cast  in  one  is  8  ft  diam,  by  11  is.  00 
ihe  face,  and  is  driven  at  80  revolutions  per  min. 

*       -  ^        .         some    of   the  leading    dimensions    of  other   si 
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In  Pigs.  203  and  2U4  we   give  two  side   views   af  a  Horizontal  High  Prossure  Expansion 

tigine,  constructed  by  Mr  W.  Benson,  Engineer  of  Nottingham.    It  belongs  to  the  enginivtypc  now 

iligcuHsioD,  and  in  the  con^ttnictiun  of  this  Engine  the  hearingti  tor  carrying  tlic  crank  shaft 


Ptf.  w». 


on  the  Engine  Bed:  they  support  the  crank  dose  up  to  the  web.  The  bearing  brasses 
are  in  4  parts,  and  can  be  closed  up  horizon taUy  by  a  wedge,  having  the  wide  side  at  the  top*  This 
wedge,  acts  on  the  side  brass  and  is  forced  down  by  a  hollow  screw  of  large  diaraeter,  fitting  in 
a  bole  chased  in  the  pedestul  cap.  Another  bolt,  passes  through  both  the  wodgo  and  the  hollow 
screWf  with  tlie  head  on  the  under  side  or  narrow  edge  of  the  wedge;  by  these  means,  the  wedge 
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is  forced  down   parallel,    by  the  turned    end    of  the   hollow  screw  and  is  locked  fast  by  the  bolt 
drawing  up  the  wedge. 

The  slide  bars  are  both  capable  of  adjiistineut;  the  bottum  one  is  bolted  to  a  vertical  rib 
ca«t  in  the  recess  in  centre  of  Engine  bed.  The  alides  are  fitted  witl\  a  setting-up  screw,  at  each 
end.  The  top  slide  bar  is  clipped  between  the  2  castings  covering  the  cross  head,  and  it  can  be 
lowered  as  required,  Tlie  cylinder  has  a  long  steam  chest  cast  on^  and  is  arranged  with  sliort  steam 
passages  at  both  ends.   Tlie  valve-gear  consists  of  2  long  valves,  one  working  on  the  back  of  the  other, 
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the  main  valve  receives  its  motion  from  an  eccentric  on  short  end  of  crank  shaft.  The  expansioii  or 
cut  oil*  valve  is  worked  from  a  small  crank,  also  on  the  outer  end  of  the  same  shaft;  a  fork  <Hm- 
necting  rod  from  this  crank  gives  motion  to  the  link,  through  which  a  variable  rate  of  expansion 
is  ett'ected-  By  the  govemfir  raising,  or  lowering  the  valve  rod  in  the  slotted  link,  the  travel  and 
point  of  cut  off  is  accordingly  varied.  The  cross-heads,  to  which  the  slide  valve  spindles  and  rodi 
are  attached,  have  large  bottom  surfaces;  they  are  of  wrought  iron  and  are  fitted  with  brasses  and  screv 
adjustment  and  work  in  a  Jong  sliile  carried  by  a  bracket,  scruwed  to  the  side  of  the  bed.  Tho  gorvv^ 
uor8are  of  the  high  speed  t}'pe;  they  are  carritd  by  a  polished  column  fixed  to  the  engine  bed,  and  are 


iug  through  titr  bedf 
at  the  end  of  whieh,  is 
DublcpuUev,  driven 
2  belts  from  a  si- 
ixiibir  pulley  or  orank 
ift,  eitlifr  of  which 
I  capable  of  properly 
ciriviiig  them.  It  i« 
thus  flought  to  re* 
duce  the  objection  to 
belt-driving  to  a  mi- 
nimum. The  gnver* 
nore  and  governor 
motion  are  arranged^ 
to  he  in  the  same 
line  aa  tlie  valve  rod ; 
the  governor  npindl 
rcToIveg  between  the 
fork  connecting  rod 
that  gives  motion  tn 
the  link.  The  Inr^'f 
sises  of  these  En- 
dues have  wrought 
cmnks  keyed  cm,  with  the  valve  gear  driven  by  a  il\  • 
crank. 

i  FHedrleli  Waiinleek  of  Brlliin. 

Tn    1874,   a    new    exp:inMi«»n    valve  guar   wa«    con- 
8traeied,  by  the  Engineering  Finn  <if  Friedrich  Wannieek 
of  Brunn,    which    has   been  since   patented  in  almost  all 
Knropean  Countri<'s,  a«  well  as   in  Nortli  America.     The 
builders   (Mennrs.  Wannieek  &  K^ppntT)   hire  abandoned 
Iheir    rather    complicated    (?r»rli«.s-gear   modification,    and 
subatittiti^d  a  far  simpler  trip -gear,  working  with  slide- 
valves.      Tn  this  arrangement  the  main-slide  and  <*xpan- 
aion-slide,  sliding  on  each  other,  are  arranged  in  separate 
valve  -  chests,  one  eccentric  -  rod  being  only   nsed.     Those 
valve- chests,  are  placed   at  the  side  of  the  cylinder,  pa- 
mllel  to  its  longitudinal  axis. 

f*ront  and  back  elevations  of  this  eK*gant  Engine, 
shewn   in  the  annexed  Figs.  205  und  20r>.     We  have 
ed,    the    external  valve -gear^    together    with    longi- 
section   through    cylinder,   and   the   I'elativc  posi- 
iS^Tof  the  utaiji  and  «^xpansion-slides  to  each  otlier  during 
rarinus  positions  of  tl»«^  crank  In  our  Figs,  207 — 217. 

The  slides  ar^^  worked  from  one  ecoentric  only, 
Ibe  latter  driving  direct  the  niain-«lidt'H  r/n,  arranged  at 
each  cylinder  end,  and  working  the  t^xpansion-valvcs  <?<*|  by 

riittn(l-T«tli«titrji,  Cnr\m'i^tinr%.  21 


the  intervention  of  a  trip-gear 
arrangement.  Hence  it  ful* 
lows,  that  the  range  of  auto- 
matic cut-off"  is  limited,  in  the 
same  degree  as  the  simpl 
CorHaa-eiigine,  whereas  a  full 
.supply  of  steam  during  the 
entire  stroke  ensues,  when  do 
disengagement  takes  place, 
The  main -slides  aa^  are  ciin- 
oected  together  by  the  rod  A, 
carrying  a  bracket  d  which 
forma  tlie  glide  of  the  valve- 
spindles  rv,  titted  with  steel 
nibs  hhy.  This  bracket  is  also 
furnished,  with  steel  trigger 
catches  ffg^  arranged  on  th« 
hinges  or  pivots  //,  which 
alternately  *)  come  into  gear 
with  the  nibs /lA,  of  the  valve- 
spindles  eei,  so  regulating  the 
opening  or  shutting  off  of  the 
expansion^ports.  The  motion 
imparted  tu  this  tri^er- 
bracket,  causes  one  of  iU 
triggers  gotgi  to  comeeoooer 
or  later  into  contact  with  a 
sliding  bolt  oOj  which  is  under 
govenior  control  aa  shewn  m 
Fig.  20a  After  contact  hu 
taken  place,  —  between  My 
trigger  y  and  bolt-end  o,  —  the  former  will  swivel  on  iti 
centre  /,  eventually  disengaging  the  catch  ^  from  the 
nib  h\  this  action  is  made  to  correspond  to  a  shuttinf^ 
otf  of  the  port*  The  steam -pressure  iji  the  valve-chesl,  i^ 
made  to  ensure,  the  exact  instantaneous  shutting- off  of 
the  expansion-ports;  this  is  accomplished  by  thickeaing 
one  end  ^^  vide  /  or  /^  —  of  the  valve -spindles,  so  that 
when  disengagement  ensues,  the  steam  pressure  on  thi 
larger  cross -area,  will  push  the  expansion  valve- spii 
in  the  corresponding  outward  directions;  the  dash 
n'l   cnshion  the  resulting  shocks. 

To  simplify  our  drawing  Fig.  208,  we  have  diiWi 
the  cylinder  piston  and  the  valves  in  their  middle  p««* 
tions,  tliough  we  may  here  again  observe,  that  thi%  f ' 
course,  cannot  occur  at  one  and  the  same  time.    For  ito 


^)  Our    wiHxIcut    erron4^uudJr    sihews    builj     cmtelMf*  f§i 
taitt^oujtfy  ill  ge^r^  wlikh  U  i.s  n«edlesii  to  aJiI  could  nteet  occur! 


reason,  the  travel  of  the  rnain  and  expansion  valves,  is  not  to  be  inferred  from  this  illustratiuu; 
yet  in  order  to  represent  graphically,  the  relative  positions  of  these  valves,  we  reproduce 
the  latter  in  Figs,  210—217.  In  Pigs,  210  and  211,  the  piston  is  moving  tn  the  left,  since  the 
left  end   of   the  cylinder,    is   in  free   communication  with  the  exhaust  through  its  valve  a,   whilst 
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expansion  is  taking  place  in  the  right  end,  inasmuch  as  the  expansion  valve  port,  is  closed 
p  by  the  plate  c^.    The  valves  a  o,  have  assumed  their  extreme  left  travel,  the  trigger  g  is   about 

getting  into  gear,  and  the  expansion -valve  c  and  main  slide  a  are  on  the  point  of  moving  iini- 
L  fomily  to  the  right.  As  soon  as  the  craDk  is  on  its  left  dead  centre,  the  position  of  the  valves 
■  will  be,  as  shewn  by  Figs.  212  and  213.  The  unequal  lineal  lead  of  the  two  working  edges  is  appa- 
■ 
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rent  from  these  woodcuts.    In  Fig.  Hb  the  right  hand  cylinder  port  is  fully  exhausting,  whilst  io 
Fig,  214,  the  left  hand  cylinder- port  is  still  open  with  the  left  expansion-valve  Cj,  still  reniaimng 

in  its  extreme  right -position.  Fig.  216  and  '217  are  analogous  to 
tixe  Figs.  210  and  211.  The  ateam  in  the  left  cylinder  portion  19 
expanding,  because  the  corresponding  expansion  port  is  closed  by 
the  expansion-valve  c;  the  raain-slides  have  reached  their  extreme 
right  position,  whilst  the  trigger-gear  coming  into  gear,  permits 
the  expansion-valve,   to  slide  in  the  direction  of  the  raain-sh'de. 

We  may  supplement  this  general  description  with  the  fol- 
lowing dimensions  of  the  60  IIP  Engine,  driving  the  Works 
of  Mr.  F.  Wannieck  at  Briinn:  It  is  of  the  type  above  re- 
presented. The  ecceiitrio  is  set  to  I  in.  (26  ram.),  the  advance  anglo. 
is  12^;  the  external  lap  of  the  main -slide  over  the  cylinder  port 
is  quoted  at  V^  in,  (3  mm.)  whilst  no  cover  is  allowed  on  the 
exhaust  side,  .  Consequently,  at  the  time  of  the  dead  -  centres,  the 
exhaust  port  will  be  opened  hy  \'^  in.  (^  mm.)  more,  than  the  steam*port. 

It  will  be  seen,  that  this  valve- arrange- 
ment fulfills  all  the  working  conditions  of  an  Au- 
tomatic variable  expansion  gear.  The  application 
of  two  main-slides,  reduces  the  clearance  spaces 
to  a  minimum,  and  the  valve -movements  are  at 
least  as  rapid,  as  those  of  the  Corliss  valvi 
gears.  The  instantaneous  cut-off,  is  obtained  q 
the  easiest  manner  by  the  use  of  the  staam-pr 
sure,  and  lastly  the  range  of  variable  expansion  U 
^*»5-  ^11'  equal  to  that  of  simple  Corliss-engines. 
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L  Brandt  &  Lhiiilller  of  Briinu. 

Exception  may  perhaps  be  taken,  at  grouping  Messrs.  Brandt  &  Lhuillier's  12///*  Engit 
(illustrated  on  Plate  XXII)  as  working  with  a  double-slide  gear;  alone,  the  action  of  the  two  sep 
rate  slides,  arranged  to  eflTect  the  variable  cut-off,  is  so  similar  to  the  working  of  double  slide 
that  its  treatment  at  the  end  of  this  groupe,  appears  justifiable. 

Borrowing   our  sketches    from    **Riedle 
Masehinen-Skizzen",  Pig.  1   gives  us  the  exte 
mechanism,    whereas  fin    sections    Pigs.    2  and  I 
(Plate  XXII)  the  internal  arrangement  of  this  valm 
_  gear  is  delineated.  The  cylinder  and  the  twn  vail 

™tWMy  ^i    P^^^^  ^^Bi^HB    ^    ^^^^^    chests  ////j  are  cast  in  one,  with  the  steiim  supp^ 

I  ^M H  ■^_^^H   I        P^P^  ^^  arranged  between  the  latter.       The  mifi 

■_^^^H^^^     f*        ^^^^^^B^J         slide  G  works  over  the  port   e   and    exlianst 

sage  a,  its  cavity  g  at  one  time  allcw*ing  si 
to  enter  the  cylinder  through  the  port  f,  and  it 
another  time  placing  the  latter,  in  direct  ooia- 
municatii»n  with  the  exhaust  a.  By  meuis  of  t 
suitable  external  mechanism,  described  lomu 
down,  the  main -slide  G  —  shewn  in  its  eenMl 
position  in  Fig,  3  (Plate  XXII)  —  in  moving  to  the  right,  admits  steam  to  the  cyliiider,  wii<f«i 
it  returnn  to  its  central  position  during  the  expansion-periods,  w  hen  the  steam-supply  to  the  cjiiflAf 
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is  eat  o£  With  ihe  sncoeeding  stroke,  the  main-slide  G  travels  gradually  to  the  left,  and  then 
letoms. again  to  its  t)entral  position.  To  accomplish  this  reciprocating  motion,  a  single  eccentric 
is  used,  whidi  is  connected  tnrough  the  eccentric  rod  J3  to  an  oscillating  lever  A  arranged  at  the 
qrlindeiHriide.  The  oscillations  of  this  lever,  may  be  varied,  by  setting  the  set-screw  C  accordingly. 
This  levar  gives  motion  to  the  trigger-bracket  £!Ei  arranged  to  slide  on  the  rods  KK^.  The  last- 
■flDtifmed  bracket  forms  the  swing-centres  of  two  triggers  NN^  the  steel  nibs  rmi  of  which,  gear  into 
the  oatoh-plates  oo|  fitted  on  the  valve  spindle  lever  LL^  owing  to  the  pressure  of  the  springs  si^ 
fittxang  down  the  other  arms  of  these  triggers.  These  rods  KK^  are  much  reduced  in  diameter  at 
their  ends  —  vide  kk^  —  and  a  piston  is  fitted  loose  on  each  of  these  ends,  though  steam  is 
always  puahing  the  piston  k  in  the  direction  of  the  inscribed  arrow.  The  main-slides  are  worked 
by  whed  and  rack  motions  —  vide  /  Fig.  3  —  oflF  the  external  levers  LL^  —  vide  Fig.  1  -— ,  and 
the  bottom  ends  of  the  latter,  have  a  square-opening  to  receive  a  pin  u^  let  into  and  protruding 
out  of  the  rods  KK^.  '      < 

To  describe  the  working  of  ihis  arrangement,  we  may  conveniently  again  confine  our 
attention  to  the  right* hand  mechanism^  and  assume  the  trigger •  bracket  to  move  in  the  direction 
of  the  inscribed  arrow.  As  the  trigger  A^  is  in  gear,  the  lever  X,  rod  iif,  as  well  as  the  piston 
and  valve,  are  moved  contrary  to  the  steam  pressure  in  the  dash-pot. 

At  a  certain  point,  the  vertical  bolt  r  always  resting  on  the  trigger  N^  will  be  lifted  by 
the  latter  against  the  wedge -formed  bracket  MM^  which  though  able  to  move  horizontally  under 
govemor-oontrol,  is  otherwise  rigid.  It  is  apparent,  that  the  continued  travel  of  the  bracket  E 
and  the  unyielding  action  of  the  bracket  3/J/,,  will  disengage  the  trip-concect;ion  between  n  and  o, 
when  the  pressure  of  the  steam  against  the  piston  in  the  dash-pot  O  will  rapidly  force  back  the 
rod  K  and  with  it  the  lever  L  and  consequently  also  the  main-slide  G\  it  will  be  observed  that  as 
an  air-coshion  forms  in  the  dash-pot  against  the  steam-pressure,  the  severity  of  this  return  motion 
is  thereby  deadened.  As  soon  as  the  trigger-bracket,  has  resumed  its  middle  position  it  becomes 
its  duty  to  move  the  main-slide  to  the  left,  and  for  this  purpose,  the  rods  KKi  have  each  a  second 
pin  zti  let  into  them,  which  works  in  long  slots  of  the  trigger  bracket;  these  pins  are  so  set  that 
they  may  slide  freely  in  these  slots  during  exactly  one  half  of  the  stroke  of  these  parts,  when 
the  return  takes  place;  but  these  pins  zz^  are  dragged  by  the  trigger-bracket fwhep  the  port  e  is  required 
to  exhaust  into  a.  Thus  in  our  Fig.  1  (Plate  XXII)  with  the  assumed  travel  of  the  trigger- 
bracket  JSEij  it  would  drag  the  pin  z^,  whereas  the  trigger  A^j  would  remain  in  gear  whilst  the 
corresponding  piston  of  the  dash-pot  Oj  would  remain  stationary,  on  account  of  its  being  also  loosely 
mounted  on  the  rod  K. 

I.  Sturgeon's  Automatic  Expansion -gear. 

This  arrangement,  also  works  with  only  one  slide,  and  one  short  valve  chest.  It  cer- 
tainly does  not  belong  to  the  valve-group  under  discussion,  yet  the  desire  before  expressed,  not  to 
admit  too  many  sub  -  divisions  in  this  work,-  coupled  with  its  similar  function,  of  regulating  the 
ingreiBs  of  steam"^  to  the  cylinder,  may  allow  us  to  treat  this  and  the  following  valve  gear  arrange- 
mmte  under  the  present  category. 

The  High-speed  Air  -  compressing  Engine  of  Mr.  Sturgeon,  offers  a  valve -gear,  which 
adjusts  with  a  remarkable  nicety  and  simplicity,  the  supply  of  steam  to  the  driving  cylinder, 
acoording  as  the  pressure  of  the  compressed  air  in  the  receiver  falls  below  or  above  the  desired  pres- 
sure, also  eventually  automatically  stopping  the  Engipe  when  a  certain  excessive  pressure  has  been 
obtained.  We  give  in  Figs.  218  and  219  side-elevation  and  part  plan  section  of  this  Air-compressing 
Engine,  simultaneously  shewing  the  automatic  cut-off  gear  above  alluded  to.  We  shall  confine  our 
attention  to  the  latt^,  as  the  other  machine  parts  do  not,  at  present,  concern  us.  This  regulating 
amngemeut  is-  eflfoeted  in  the  following  manner:  An  eccentric  Ar,  placed  on  the  shaft  ci,  acts  on  a 


lever    and    rod    I  m^   and  ^ves  i 
reciprocating   niotion   to   aaotliir 
lever  n,    from  its    centre   o\   tbe 
latter  o    being     oonnected    to  a 
plunger^   #y,   in  the  receiver^  and 
sliding  in  the  guides  />/>,  becomes 
either  raised   or    lowered   in  iti 
position    according   as    the   pre*- 
sure   in  the  receiver  b  either  in- 
creases   or    diminishes,     that  is, 
raises    or    lowers    the    punger  q. 
A  projecting   pin  r  on  the  val?e 
levers  ^r,   working  from  the  fixed 
fulcrum    t^   gears   into   a   groovf 
in  the  whole  length  of  the  lever 
From    this   description,   it  ii 
evident,  that  the  more  the  centre 
0  rises  (which  is  caused  as  afor^ 
mentioned  by  the  air  pressure  in 
the  receiver  h  increasing   on  the* 
plunger/^)  the  more  will  the  stroke 
of  the  valve  lever  s^   and   conse- 
quently    of  the    valve    itself,   be 
shortened,  since  the  lever  s  owei 
its    action   to  the    lever    n;    this 
shortening    of    the   valve -travel^ 
means   less  steam   to    the  cyhoi- 
deif  or  in  other  words  a  slacken- 
ing of  speed.     If,  on  the  other 
hand,    the    required    pressure  in 
the  receiver  falls  below  the  mark, 
then  the  plunger  q  falls  in  a  oo^ 
responding  degree,  carrj'ing  witi 
it  the  centre  o,  making  the  stroke 
of  the  lever   s   or   of  the  atea© 
engine  cylinder-valve  longer,  con* 
sequently   allowing    more    eteim 
tn  enter,  that  is,  increasing  the 
speed  of  the  engine.     The  engmf 
is  brought  to  a  standstill,  whm 
the  centre  of  the  lever   n   oomei 
opposite    the  pin  r  of  the  lever 
g^  thus  causing  the  movemeoi  of 
the  latter  to  be  entirely  itt4>ppe4, 
which  materially  also  applies  to 
the  steam  cylinder* valve.    A  lU- 
ding  weight,  w,  is  farther  carried 
by  the  lever  tn,  which  may  be  seliM 
as  to  take  effect  at  any  re^uiro^ 
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tfisure.  Messrs.  Clayton  Howlett  &  Veuablfes  of  London,  now  make  this  self-acting  arrangement 
|h  a  simple  throttle'valve,  worked  either  hy  hand  lever^  or  this  lever  being  directly  attached  to 
I  plunger-rod  weighted  to  any  desired  amount  with  loose  weights,  closes  or  opens  the  throttle- 
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Ive,  according  as  the  air-pressnre,  in  the  receiver,  rises  above  or  falls  below,  the  desired  working 
^8ure.  It  is  claimed  that  this  arrangement  acts  almost  withont  friction,  and  is  conae(j[uently 
fe  sensitive,  being  also  less  complicated  than  the  first-named  method* 

m,  Hulpin^s  Autouiatic  Expansion  Gear. 

In  this  Automatic  Expansion  -  gear  Mr.  Druitt  Halpin  has  but  one  slide  valve,  and  he 
lets  all  the  desired  changes  of  cut*off  with  this  single  valve  without  varying  the  lead  or  the 
t  of  release.  The  valve  used  is  of  a  very  peculiar  fomi^  and  it  has  two  distinct  motions  given 
t,  the  one  being  a  to  and  fro  motion  of  the  ordinary  kind,  and  the  other  a  movement  of 
;ial  rotation  on  an  axis  coinciding  with  the  centre  of  the  exhaust  cavity,  the  extent  of  this 
mentioned  movement  being  controlled  by  the  governor*  No  practical  trials  have  as  yet 
ared  of  this  valve-gear,  so  that  we  refer  those  who  may  take  an  interest  in  this  arrangement 
■Higineering  issue  d.  6.  June  1879  pg»  481,  and  we  merely  add  that  Messrs.  Manlove,  Alliott 
er  &  Co,  Engineers  of  Nottingham  have  undertaken  the  construction  of  Engines  fitted  with  this 
l-e-gear*),  though  apparently  not  with  great  success. 


*)  Wi^  ft  Tiew  uf  rendering  the  present  Work  tm  complete  as  poMible  und  notwithstflnding  the  mtLny  additions 
r  in  Lliii  Editltm — Fig.  220  corresponding  to  Fig.  156  in  the  original  iflstie -^  a  Sapplemeiit  wiU  be  found  Appeodad  at  the 
of  till*  Volyme  for  tb<*  purpOB*"  of  incloding  surh  valve -g^ars  as  majf  bave  been  omitted  from  tbese  pages,  or  which 
!liAT«  beeu  ill  trod  u  ceil  during  the  compilation  i>f  thU  Edition.   Compare  also  I  lie  Supplementary  Volume  referred  to  on  pg,  129, 
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IL   Engines  working  with  four  Slide-valves. 

1.  Witli  valve-gear,  arranged  at  side  of  cylinder. 

.  a.   Frledrlch  Wannleck  of  Brann. 
Type:  Wannieok  &  Eoppner. 

The  first  Slide-valve  gear  of  Wannieck  &  Koppner,  which  we  discussed^  as  fitted  with 
double-slides,  has  been  further  improved  by  the  adoption  of  the  quadruple  valve  arrangement  shewn 
in  our  Pig.  220.  . . 

In  the  former  design,  the  main -valve  regulated  the  ingress  of  stearii  to.  the  cylinder,  but 
this  function,  we  find  now  transferred  to  the  expansion  valve,  so  that  similar  to  the  Corliss-gear 
type  we  may  here  speak  of  both  inlet  and  exhaust  valves.  The  entire  travel  of  the  inlet  valves 
GGy  and  exhaust-valves  HH^  —  shewn  on  an  enlarged  scale  in  Fig.  221  — are  equal  to  each  other 
because   they   are  worked  from   a  single   eccentric  E\  the  extent  of  travel  is  indicated  by  a«jB 
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Pig.  220.  According  to  the  position  represented  by  our  woodcuts,  the  crank  K  is  on  its  dead 
centre  a  and  witb  the  eccentric  E  set  to  the  advance -angle  J,  the  latter  has  already  per- 
formed the  travel  ac.  Similarly,  the  valves  are  in  the  corresponding  positions,  the  inlet  valve  Q 
allowing  the  ingress  of  steam  through  port  t,  and  the  exhaust-valve  //j  simultaneously  placing  the 
port  n|  in  communication  with  the  exhaust  passage  Oy,  Owing  to  the  trip-gear  arrangement,  described 
lower  down,  the  inlet  valve  G  remains  in  its  position  e.  On  the  other  hand  the  exhaust-valre  H 
takes  part  in  the  oscillating  motion,  without  however  having  any  e£fect. 

On  Plates  33  and  34  we  show  this  valve  -  gear  attached  to  a  pair  of  Engines.  Fig.  1 
Plate  33)  shews  elevation.  Pig.  2  plan  of  one  of  these  engines,  whereas  in  Pigs.  3  and  4  we  have 
plan  and  end -view  of  the  coupled-engines.  Plate  34  explains  all  the  constructive  features  of  the 
entire  construction.  The  difference  between  the  present  and  the  forementioned  type,  will  be  seen 
to   consist  in   the   expansion   valve   no   longer   sliding   on  the  back  of  the  inlet  valve,  but  in  its 
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baving  an  independent  seating  of  its  own.  Consequently,  the  valve  required,  is  merely  made  flat 
instead  of  the  former  i>-slide  shape,  shewn  in  our  Fig.  208.  It  is  true  that  this  arrangement, 
somewhat  enlargens  the  clearance  spaces,  alone  the  sliding  of  the  slides  on  each  other  is  obviated; 
inch  valve -sliding  is  specially  detrimental  in  cases,  where  the  travel  of  each  varies,  because  then 
ineven  wear  occurs,  which  eventually  occasions  steam-leakage.  Moreover  the  exhaust-valve  in 
Jiie  present  arrangement,  is  made  rather  smaller  than  the  former  main-slide  was. 

The  dash-pots  too,  show  a  considerable  modification,  inasmuch  as  we  find,  the  principal 
>f  the  VI th  Corliss- valve  gear*)  re-introduced,  whereby  the  vacuum  formed  behind  a  portion  of 
lie  dash'pot  piston  is  utilised,  for  the  rapid  shutting  off,  of  the  inlet-valves.  The  larger  area,  of 
¥hat  we  may  term  the  differential  dash-pot  piston  —  vide  Figs.  1  and  2  Plate  34  — ,  draws  in  air 
it  the  beginning  of  its  stroke,  which  air  becomes  compressed,  during  the  rapid  return-stroke  of  the 
>iston  due  to  the  vacuum  formed  behind  its  small  end.  In  this  manner,  the  compressed  air  acts  as 
kn  air-cushion;  its  efficacy  may  be  regulated  by  a  suitable  air-valve,  and  to  prevent  concussion  at 
the  termination  of  the  stroke,  the  small  piston  has  a  leather  washer  inserted. 

The  disengagement  -  gear,  has  on  the  whole,  received  no  alteration.  Some  of  its  main 
positions  are  drawn  in  Fig.  222.  The  extreme  position  of  the  trigger  —  position  I  —  indicates  the 
play  required,  in  order  to  effect  the  timely 
getting  into  gear,  whereby  we  should  ob- 
serve, that  the  whole  distance  travelled  by 
the 'fall  of  the  trigger  only  amounts  to 
about  %  in.  (3  mm.).  In  position  11,  the 
valve  is  at  half  its  travel,  whilst  in  posi- 
tions m — y  the  trigger  has  been  turned 
by  the  governor;  this  corresponds  to  dis- 
engagement, the  inscribed  numerical  values, 
referring  to  the  piston-travels  accomplished. 

The  form  of  the  trigger  with  its 
steel  catch-plates  screwed  on,  and  the  in- 
dia-rubber liner,  preventing  jarring  when  en- 
gagement takes  place,  may  be  seen  from 
Fig.  9  (Plate  34). 

Owing  to  the  inlet  and  exhaust 
valves  being  worked  by  the  same  eccen- 
tric (set  with  an  eccentricity  1  in.  (26  mm.) 
and  a  lead  angle  of  about  20^  the  range 
of  automatic  cut-off  lies  between  0.0  and  0.32  of  the  piston-stroke.  Should  the  release  of  the  trip-gear  not 
take  place,  the  connection  between  the  two  valve-spindles  remains  intact,  and  the  admission  of  steam  con- 
tinues up  to  0.92  stroke.  The  valves  are  so  set,  that  just  at  the  opening  of  the  inlet-valves,  the  exhaust 
valves  are  closed  by  ^/^  in.  (2  mm.)  lap;  the  lineal  lead  of  the  inlet  valve  equals  ^^  in.  (5  mm.) 
that  of  the  exhaust  valve  with  a  negative  lap  of  Vi^  in.  (2  mm.)  equals  %"  (11  mm.). 

It  was  under  these  conditions  that  the  diagrams  herewith  drawn  in  Figs.  223  and  224,  were 
obtained  for  the  inlet  and  exhaust  valves  respectively.  If  the  two  be  compared  together,  the 
aegative  and  positive  laps  of  the  valves  will  be  seen  from  the  position  marked  with  SM  —  i.  e. 
ilide  -  midway.  —  The  double  shaded  portion  of  the  diagramm,  indicates  the  range  of  auto- 
matic cut-off. 

The  pair  of  Engines  already  alluded  to,  had  12 V«  in.  (316  mm.)  cylinder- diameter,  and 
2'7''(790mm.)  stroke.   Running  at  54  revolutions  per  min.  the  mean  piston  speed  calculates  itself 
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*)  See  pg.  20  and  21. 
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;it  4  ft.  7  in-  nA  m.)  per  tec.    The  steam  supply  and  exhanst  pipes  being  respectively  Sy,**  and 
4»  "  f92  mm.  and  118  mm.)  in.  diameter,   they  each  stand  in  lie  ratios  of  Vii-s  ^^^  %  *^  ^ 

cylinder -cross -area.    The  steam-port 
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Fig.  m. 


and  the  exhaust  -  port  1  in.  X  lOVi 
in.  (25  X  276  mm.);  they  eadi 
correspond    therefore   to    Vu**-    and 

of  the  cylinder  cross-area. 

The  construction  of  the  piston 
win  be  seen  from  Fig.  2  (Plate  S4). 
Fastened   in  the  usual  way   to  the 
piston  rod   (2  in.  =  49  mm.  diamtX 
a  steam-tight  contact  is  obtained  hj 
open  cast  rings,  two  of  which  are  extor^ 
naUy  placed  side  by  side,  whilst  a  third 
broad  ring  is  placed  underneath  fhenii 
and  pressed  outwards  by  four  steel 
springs.  The  Corliss  cross-head,  sHdai 
in  double  slides.    The  connecting-rod, 
five   crank  -  lengths  long,  and  abont 
3  in.  (72  mm.)  diam.  at  its  centre,  hai 
closed  ends.  The  cross-head  pin  isSV," 
and  2i/4in.diam.(86x59nmi.);thecniik 
pin  is  4  in.  long  (99  mm.)    and  3  in. 
(72  mm.)  diam.  The  crank-shaft  bearing, 
both  horizontally   and  vertically  ad- 
justable, is   of  5  in.  (125  mm.)  boie 
and  91% 5  in.  (250  mm.)  width.    Be- 
tween each  engine,  the  fly-wheel,  11  ft. 
5"  (3470  mm.)   in.  diam.  is  mounted, 
midway    on    the    crank   shaft;    fte 
diameter  of  the  latter  is  V/^^  (200mnL). 
The   rim   of  the   fly-wheel,    13V4  »• 
(335  ram.)  is  furnished  with  five  rope- 
races.     The  Porter -governor,  driten 
by  belting  at  95  revs,  per  min.  kti 
a  collar- slide   of  3  in.  (78  mnt)  e«^ 
responding  to  1 V^  in.  (33  mm.)  trtrel 
of  the  releasing  ^bolt    We  may  idd^ 
that  the  resulting  shocks  from  diiaa— 
gagement  are  taken  up  by  an  oil-brtt^e 
and  do  not  react  on  the  governor,  •« 
that  the  entire  work,  devolving  on  the 
latter,  consists  in  moving  the  reletfi^V 
bolt,  to  and  fro. 
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b*  Pnger  Maschlnenbaii  Aetlengesellschaft  of  Prague. 
Type:  Iwan  DauUenberg. 

At  the  Vienna  International  Exhibition,  the  Prague  Machine -Works  Co.  Lim.  —  formerly 
Messrs.  Boston  &  Co.  —  exhibited  a  Horizontal  Engine  fitted  with  a  valve-gear  mechanism,  patented 
bjr  Iwan  Dautsenberg.  On  account  of  the  peculiar  arrangement  of  its  four  valves,  and  the  absence 
of  any  springs  whatever,  this  machine  was  discussed  and  favorably  criticized  in  many  Engineering 
journals,  and  as  it  is  thus  more  or  less  generally  known,  we  have  Qonfined  our  illustration  to  the 
vketeh  shewn  on  Plate  XXII  in  Figs.  4  and  5. 

Two  double -slide  chests  are  arranged  at  the  side  of  the  cylinder;  the  upper  part  of  the 
former  is  taken  up  by  the  main-slides  GG^^  whereas  the  expansion-valves  IIIIi  are  fitted  in 
the  lower    portion.      These   valves   are    rigidly    con-  vi  v  w  ■  b    r 

nected,  through  the  rods  Jfi  with  the  oscillating  cast  ^m»i;^d-. 

iron  lever  A,  attached  by  lever  C  to  the  eccentric 
rod  B;  by  the  alternate  motion  thus  imparted  to  the 
exhaust  valves  i/i/i,  the  exhaust  ports  —  shewn  dotted 
—  are  opened  and  shut  in  turns,  though  they  are 
never  allowed  to  cover  the  steam -ports  ee^.  Conse- 
quently, the  pressure  of  the  steam  in  the  cylinder 
will  always  be  exerted  on  the  exhaust- valves  II 1 1^. 
The  work  of  supplying  and  cutting  oS  the  steam, 
to  an^  from  the  cylinder,  devolves  entirely  on  the 
main-valves  GGi.  They  are  also  worked  from  the 
lever  A  through  the  intervention  of  a  suitable  trip- 
gear.  To  prevent  any  throttling  of  the  fresh  steam 
during  the  gradual  opening  of  the  valve  —  assume 
for  an  example  the  valve  G^  —  it  can  pass  by  the 
edge  1  or  the  edge  2  through  the  valve-space. 

On  a  cross-piece  0  attached  to  the  lever  A^  are 
firmly  fixed  the  catch-plates  oox^  which,  with  eacli  ex- 
treme position  of  the  lever,  gear  on  to  the  trigger-rods 
NNg  simply  coupled  to  the  valve-spindles/'/',.  Thus 
full  steam -pressure  is  exerted  on  these  thickened 
spindles,  of  1V«  in.  (40  mm)  diameter,  in  contrary  di- 
rection to  the  port-opening  valve  motion.  For  the 
variable  disengagement  of  this  trip -gear,  a  frame  M 
supports  the  trigger  rodsiVAj,  and  hangs  on  inclined 
surfaces  rrx  on  the  governor  rod.  The  trigger-rods  are 
thus  kept  in  a  certain  position  by  the  governor, 
answering  to  their  being  in  or  out  of  gear,  with  the  Fip.  «i5. 

lever  A.  When  disengaged,  the  steam -pressure  on  the  cross -area  of  the  valve  rod,  will  shut 
off  steam,  violent  concussions  being  avoided,  by  the  intervention  of  the  dash-pot  piston  Q  in  the 
dash-pot  0. 

Similar  to  the  simple  Corliss-engine,  only  one  eccentric  is  used,  and  consequently  the  range 
of  automatic  cut-off  is  limited  up  to  about  0  4  stroke  according  to  the  size  of  the  lead-angle.  We 
should  observe,  that  a  special  advantage  claimed  for  this  valve -gear,  is  that  the  main-valves  be- 
come balanced,  immediately  the  port  begins  to  open. 

The  positions  of  the  trip-gear  at  disengagement  periods,  are  graphically  represented  in  our 
Fig.  225.     Position  I,  corresponds   to  disengagement   ensuing  at  0.0    stroke,    and  so  on  as  per  in- 
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vmhfis  till  in  position  V,  the  limit  of  automatic  cut-ufT  under  thu  action  of  the , 
is  naehed;  tliis  oorrespoiids  to  a  cut-off  at  0.4  stroke.     Should  steam  be  supplied  dn 
Ik  oilim  ctnike,  tke  te^-gear  will  be  in  position  YI. 

c.  6oldie  &  He.  CuUtieli.  Galt-Oiitario  Canada. 

An  improred  arrangement   of  the  valve-gear  of  Messrs,  Goldie  &  Mc.  Culloch  of  Gait 
ready  deacribed^J  is  sketched  on  Plate  XX  Figs.  5 — 9.    The  four  valves  are  set  in  separate  valv^ 
diesta  arranged  at  the  side  of  the  cylinder,  though  in  order  to  secure  as  small  steam-passageit 
|MiB8ible,  the  exhauat  and  inlet  valves,  are  set  in  pairs  close  tfjgether.    Grid-iron  valves  are 
for  securing  a  amall  travel.    The  valve  •  spindles,  are  carried  out  at  the  bottom  side  of  the  va!? 
dbeatay  and   are   raised   and   lowered  by  suitable  cam  motion;  the  cam-forms  are  so  chosen  as 
ensure  a  rapid  shutting  and  opening  of  the  valves. 

Prom  the  transverse  section  shewn  in  Fig.  6,  we  notice  the  motion  of  the  inlet-valve,   Thesba 
w  rotating  at  eciual  speed  with  the  crank -shaft,  drives  by  spur-gear  zz^  another  shaft  v  at  lialf  ili 
speed.    This  shaft  »  carries  the  cams  A'A\  —  vide  Fig.  ii  ^  which   raise,   the  peculiarly  forme 
levers  NN^ ;  the  latter  are  under  governor  adjustment  through  lever  3/.  Simultaneously  the  %*alf 
rod  F  is  also  raised,  bcca\ise  it  has  a  projection  n  always  resting  on  the  top  surface  of  the  rod  Iff^ 
owing  to  the  weight  of  the  valve  itself,  and  of  the  steam  pressure  on  the  spindle-end.     With  Iht 
rotation  of  the  shaft  v  in  the  direction  of  the  inscribed  arrow,  the  edge  o  of  the  lever  JV  will  slia 
off  the  projection  of  the  cam  K^   and  will    suddenly  fall;   this  down-ward  movement,  is  naturaH| 
also    imparted    to   the  valve  (r,    whereby    the   steam   port   becomes  closed.     This  slipping  off  iiiu 
port-closing  action  ensues  all  the  sooner,  the  more  the  lever  A''  is  pushed  outwards  by  the  governor, 
just,  as  it  takes  place  all  the  later,  the  more  the  lever  N  is  dragged  inwards.    The  main  slide  G  i| 
lifted  twice   for   every^    revolution   of  the    shaft  r,  corresponding  to  a  double  stroke  of  the  piflt 
The  dash-pot  piston  Q  is  fitted  to  the   prolongation  of  the  valve-spindle  for  cushioning  pnr]>o.seij 
As   seen    by    Fig.    7,    the  motion    of  the  exhaust- valve   is   far   simpler,    and    is    effected   by   th 
cams  R  or  Uy  (Fig.  9)  keyed  on  the  shaft  «*.   The  rotation  of  the  latter  causes  the  frame  T  to  ri« 
80  causing  the  slide  li  to  open  the  port.   During  the  steam-cylinder  piston  stroke,  the  slide  remaifl 
stationary,  so  that  steam  may  pass  out  freely,  offering  no  back-pressure  on  the  piston.     Before  the] 
completion  of  the  stroke,  the  slid^  falls  rapidly.    On  account  of  the  steam  tr^'ing  to  lift  the  valTnl 
II  off  its   seat,   the    latter   is  made  to  slide  between  t>vo  fixed  grids.    Referring  to  our  sketdirt»[ 
EE  denote   the  supply  -  orilice   of  the  inlet -valve  chest;  A  A   on   the  other  hand  are  the  erh&mtj 
openings. 

J.  W*  &  J.  ft  alio  way  &  Sons,    Maiiehcj^ter, 

The  300  horse-power  Compound  -  engine  illustrated  on  Plate  35  in  plan  and  elevution ' 
constructed  by  Messrs.  W.  &  J.  Galloway  &  Sons,  of  Manchester,  and  supplied  to  the  Britii^li 
Royal  Commissioners  of  the  late  Paris  International  Exhibition,  for  the  purpose  of  driving  thi'^ 
whole  of  the  machinery  in  the  English  section.  In  Figs.  6  and  7  of  the  same  Plate,  we  repro»c»t 
the  valve-gear  motion  of  the  high-pressure  cylinder. 

High  and  low-pressure  cylinders  nre  placed  close  together,  and  as  the  cranks  arc  set  oppo 
each  other,  the  exhaust  of  the  high-pressure  cylinder  is  passed  direct  into  the  low  pressiure  cylunl*^-'' 
this   arrangement    renders    the   steam  -  passages    exceedingly    short     The   inlet-valve   to  the  tis*. 
prOBSure  cylinder  has  its  lead  or  point  at   which  steam  is  admitted,  constant  under  all  variiti«** 
of  load. 

The   expansion- slides   are   worked   from    a   separate   eccentric.     The  admission  valve*  *^, 
aimple  flat  plates,    for   reason  that  they  require  no  cavities  for  the  exhaust;  they  are  therefore  »j 
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small  dimensions,  so  reducing  friction  to  a  minimum.  The  admission  valves,  independent  of  each 
other  are  under  the  direct  control  of  the  governor. 

As  the  valve -spindles  are  made  of  larger  diameter  in  the  stuffing-boxes,  the  pressure  of 
"the  steam  has  a  tendency  of  forcing  them  outwards  —  to  the  right  in  our  drawing  — ;  these 
^alve-spindles  are  connected  with  an  ordinary  dash-pot  piston  Q  at  the  opposite  end  of  the  valve- 
^est.  The  square  end  of  the  valve-spindle  fitted  with  a  common  steel  catch-plate  o,  is  taken  up 
ly  a  guide  T,  and  within  the  fork  of  an  eccentric  &,  which  is  also  guided  in  T.  The  movable 
"trigger  N  is  arranged  over  the  straight  moving  part  E  of  the  eccentric  rod^  and  its  horizontal 
arm  is  fitted  with  a  steel  nib  n,  which  gears  into  o  with  the  extreme  position  of  the  trigger. 
-A.  rod  L  connects  the  vertical  arm  of  the  trigger  N  with  one  arm  of  the  bell-cranked  lever  rr^; 
the  swing  centre  of  the  latter  is  a  stud  It  of  the  governor-lever  J/  and  the  other  arm  r  of  this 
lell-oranked  lever,  is  connected  with  the  head  of  the  eccentric  rod  /?  by  the  rod  /. 

Variable  cut-off  is  obtained  by  a  shifting  of  the  oscillating  centre  Jl  of  tlie  bell-crank 
lever  rrx^  the  cut-off  ensuing  later,  when  It  is  shifted  to  the  left,  in  the  moving  direction  of  the 
eccentric  rod,  and  vice  versa.  The  centre  It  is  fixed  on  the  bell-crank  lever  MM^  which  receives 
its  motion  direct  from  the  governor  collar  slide,  the  movements  of  the  latter  being  steadied  by 
the  cataract  cylinder  g.  The  steam-pressure  exerted  on  the  swelled  ends  of  the  valve-spindles  /' 
effects  the  closing  of  the  steam -ports.  If,  from  some  cause  or  other,  the  valve-plate  should  not 
close  rapidly,  then  the  valve-spindle  F  is  nevertheless  taken  back  by  a  pin  c  sliding  freely  in  a 
slot  of  the  eccentric  rod  A",  so  closing  the  valve. 

The  patentees  of  this  valve  gear  (Mr.  C.  J.  Galloway  and  Mr.  J.  A.  Beck  with)  describe 
their  arrangement  in  the  following  words:  „The  high-pressure  cylinder  has  separate  induction  ports 
each  governed  ty  a  slide.  Each  of  the  slide  rods  H  and  E^  has  its  end  fitted  to  work  in  guides 
T  and  within  the  fork  of  a  crank  or  eccentric  rod  which  is  also  guided  in  1\  On  each  slide 
rod  head  is  fixed  a  plate  of  steel  o  and  o^,  and  on  each  of  the  spindle  rods  is  mounted  a  bell- 
crank  trigger  lever  N  and  JVj,  one  arm  of  which  has  a  steel  plate  n  fixed  ujxjn  it,  so  that  when 
the  edge  of  the  plate  n  engages  with  that  of  o  the  movement  of  the  crank  or  eccentric  rod  to- 
wards the  left,  causes  the  slide  rod  to  move  also  towards  the  left  along  with  it.  The  slide  rods 
are  made  with  swells,  fitted  to  work  as  plungers  through  packing  at  the  end  of  the  slide  jacket, 
so  that  the  pressure  of  the  steam  within  the  jacket  tends  to  push  the  slides  towards  the  right, 
and  thus  if  either  of  the  trigger  levers  N  or  iV^  be  moved  so  as  to  disengage  its  plate  n  or  v^ 
from  the  plate  o  or  o^  on  the  slide  rod,  the  slide  rod  so  disengaged  will  be  forced  by  the  steam 
pressure  towards  the  right,  and  the  slide  attached  to  it,  will  close  the  port.  Also,  when  the  crank 
or  eccentric  rod  retreats,  towards  the  right,  the  steam  pressure,  acting  on  the  plunger  swell  causes 
the  slide  rod  to  follow  it,  the  plates  n  and  o  or  n^  and  0|  still  remaining  engaged  with  each  other. 
Pins  z  working  in  slotted  holes,  in  the  slide  rod  heads,  limit  their  movements  relatively  to  those 
of  the  crank  or  eccentric  rods.  The  trigger  levers  A"  and  Nj^  are  connected  by  adjustable  rods  L 
and  i,  passing  through  sliding  sockets  and  having  exterior  collars  with  other  bell-crank  levers  ?• 
and  Tj,  which  are  worked  by  the  cranks  or  eccentrics  on  the  main  shaft,  that  move  the  crank  or 
eccentric  rods.  The  bell -crank  levers  rrj,  are  pivotted  on  a  stud  It  on  the  vertical  arm  of  a 
counterbalanced  lever  At  which  is  worked  by  the  governor,  the  movements  thereof  being  steadied 
"by  a  dash  pot  or  cataract  cylinder  S  From  this  construction  it  follows,  that  supposing  the  lever 
M  to  be  stationary'  at  a  certain  part  of  each  stroke  of  the  engine,  as  determined  by  the  position 
of  the  fulcrum  7?,  the  bell-crank  levers  rr^^  are  moved,  so  that  by  acting  on  the  collars  of  the  rods 
i,  Zr|,  they  move  the  triggers  so  as  to  disengage  the  edges  of  the  plates  n  and  o  and  h^  and  Oj, 
and  thereby  to  leave  the  slides  free  to  be  moved  back  by  the  steam  pressure  acting  on  the 
plungers  FFj  and  to  close  the  admission  ports,  thus  effecting  a  rapid  cut  off  of  the  steam  supply 
to  the  cylinder.  When,  owing  to  increase  or  decrease  of  the  engine-speed,  the  lever  M  is  moved 
by  the  governor  so  as  to  remove  the  fulcrum  It  of  the  lever  rvi^  towards  the  right  or  left,  as  the 
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ineasnres  100  ft.  8  in.  long,  36  in.  wide  and  weighs  about  800  lbs.  The  prolonged  piston  rod 
of  the  low-pressure  cylinder  drives  the  horizontal  air-pump,  which  is  1 1  in.  in  bore,  and  arranged 
inside  the  condenser-casting.  As  the  entire  apparatus,  is  placed  above  the  floor-line,  all  the  valves 
can  be  readily  seen  to. 

The  characteristic  features  of  this  Engine  may  be  summarised  as  follows:  Cylinders  side 
ly  side  with  pistons  nearly  at  opposite  ends  at  the  same  moment;  steam -passages  reduced  be- 
^fcween  the  two  cylinders  to  the  shortest  possible  dimensions;  valves  on  the  plain  fiat  principle, 
^thont  exhaust  cavity. 

A  perspective  view  of  a  similar  Engine  -  construction  is  given  in  our  Pig.  226  with  this 
difference  that  it  is  not  fitted  with  Galloway  &  Beckwith's  expansion -gear,  but  nevertheless  the 
steam  admission-valve  is  so  arranged,  as  to  be  in  direct  communication  with  the  governor,  cutting 
oflT  automatically  and  instantaneously.  It  is  of  the  same  power  and  dimensions  as  the  preceding, 
and  the  Engine  is  provided  with  a  special  motion  for  stopping  automatically,  in  the  event  of  any 
accident  occurring  to  the  governor-wheels. 

The  consumption  of  fuel  in  these  Engines,  when  working  in  connection  with  Galloway 
Soilers  and  suitable  Condensers,  is  stated  not  to  exceed  2  lbs  of  coal  per  indicated  horse-power 
per  hour. 


2.   With  Inlet-valves,  arranged  at  side  and  Exhaust-valves  fitted  on  top  of  the  Steam-cylinder. 

a.   C.  H.  Brown  &  Co.,  of  FItchbarg  (U.  S.  A.)- 

At  the  Centennial-Exhibition,  great  regard  was  paid  to  an  Engine  constructed  by  Messrs. 
C  H.  Brown  &  Co.  of  Fitchburg,  for  reason  of  its  facile  and  elegant  design,  its  simple  valve-gear 
Skud  its  capital  working  C/Ommanding  general  attention.  This  Engine,  we  illustrate  on  Plate  «3(), 
figs,  1—4, 

It  is  apparent,  that  the   plain   flat   inlet  and  exhaust  slides  are  separated,  the  former,  G^ 
lieing  arranged  at  the  side  of,  while  the  emission  valves  //  are  placed  underneath  the  cylinder; 
the  travel  of  the  inlet  valves  is  therefore  in  a  vertical  i)lane, 
whilst  that  of  the  exhaust -valves  runs  horizontal,  as  shewn 
in  our  Fig.  227. 

Motion  to  the  inlet  and  exhaust  valves  G  and  //  is 
imparted  by  two  distinct  mechanisms  moimted  on  the  gear- 
^haft  In  our  sketch  we  assumed  the  piston  to  be  at  its 
Btroke-end,  and  consequently  the  inlet- valves  G  have  begun 
tx>  open  steam-passages  t,  whilst  the  exhaust  valve  II  remains 
stationary  in  its  position  a.  The  inlet  valves  receive  their 
vertical  travel  from  a  vveigh-shaft  w  which  is  made  to  revolve 
^t  equal  speeds  with  the  crank-shaft  — vide  Fig.  2  Plate  3G — . 
The  end  of  the  trigger  N  with  fast  swing-centre  /,  is  mado 
'to  catch  the  steel  projecting  nib  o  arranged  in  a  slot  of 
^ho  valve  spindle  F.  The  eccentric  A  continues  to  lift  up 
t;he  trigger  iVj  which  similarly  lifts  the  valve-spindle  /'  and  slide  G 
Idll  disengagement  ensues;  this  occurs  when  the  trip  ois])Ushed 
out  of  gear  of  the  trigger  A^.  The  moment  disengagement  tiikes 
I^lace,  occurs  the  valve  G  will  fall  rapidly,  partly  owing  to  its 
own  weight  and  partly  owing  to  the  steam -pressure  acting  on  the  swelled  valve  -  spindle  F. 
mds  falling  motion,  corresponds  to  a  shutting  off  of  the  steam-ports;  in  its  drop,  the  valve- 
Bpindle  /'  is  suitably  air-cushioned  by  the  dash-pot  O. 


;-;;  .y;<;'^.^^W55?5^^;5?5^ 
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Disengagement  ensuefl,  at  the  bidding  of  the  governor.  The  governor  imparts  a  slig 
rotary  movement  to  the  rod  tc  attached  to  the  craiit  lever  r  canry^ing  a  stud  at  its  end, 
which  stud  is  made  to  press  at  the  proper  time,  against  the  tail-end  of  the  trip  *x  Tresumiiu^^ 
contact  between  the  two  to  take  place,  then  with  the  continued  upward  motion  of  the  valr^^^ 
spindle  /%  it  is  evident  that  at  a  certain  moment^  the  trip  o  will  be  pressed  omt  of  gear  with  ^V 
by  the  crank* stud  r,  when  as  fore-explaiJied  the  valve  will  rapidly  shut- off  steam.  It  is  se 
evident  that  disengagement  —  i*  e.  cut-off —  will  ensue  all  the  sooner,  the  more  the  crank-lever  i 
has  approached  the  trip  o  at  the  beginning  of  the  stroke.  With  this  arrangement,  the  point  at 
which  steam  is  admitted  or  the  lineal  lead  remains  constant  under  all  variations  of  load,  and  as 
each  eccentric  is  solely  used  for  lifting  its  own  valve,  the  range  of  steam-admission  can  tai 
place  up  to  almost  foil-stroke. 

The  exhauat-valves  JI  are  also  worked  from  the  forementioued  shaft  r,  by  means  of  slot 
cam-discs  Ji  imparting  motion  to  levers  X. 

The  governor  worked  from  the  shaft  v  lying  low,  is  enclosed  in  a  cast^casing.  The  main 
dimensions  of  this  Engine  are  as  follows:  Cylinder  diam.  15%  in.*)  (400  ram.),  and  stroke  3  ft, 
2  in.  (965  mm.).  In  conclusion  we  may  add,  the  Engine  working  with  <rO  lbs*  steam-pressure,  anil 
running  at  65  revolutions,  is  stated  to  be  of  65  nominal  horse-powers. 

L  ^^m.  Wright  &  Co.  Newbnrgh  (U.  S.  A.). 

Both  on  account  of  the  general  design,  as  well  as  of  the  valve-gear  mechanism,  the  Engine 
constructed  by  Messrs.  Wm.  Wright  &  Co,  of  Newbnrgh^  and  drawn  in  Figs.  5  to  9  Plate  36  — 
deserves  the  attention  of  the  Engineering  profession. 

The   fixing  of  the  four  valves  appears  very  rationally  arranged.     The  bottom  side  of 
cylinder  carries  the  exhaust-slides,  so  effectually  draining  the  cylinder,  and  the  grid^iron  inlet-valv 
work  at  the  side  in  a  valve-chest  cast  with  the  cylinder.  The  external  valve-gear  could  thus  be  h 
low,  and  partly  hidden  from  view.    An  intermedieate  lever,  enabling  the  eccentric-rod  to  be  brong 
close  np  to  the  cylinder,  transfers  the  motion  of  the  single  eccentric  on  to  the  four  valves.  This  i 
donein  the  following  manner:  The  eccentric-rod  7?graspstheupperstiideofathree-armedlever^,  keyedi 
a  transverse  tihaft, placed  underneath  the  cylinder,  and  thus  the  lever-^l  with  its  shaft  are  caused  to  osciUad 
The  lower  studs  tWi,  of  the  same  lever,  each  work  to  and  fro  one  of  the  hollow  rods  z^^,  w*hose  oth«! 
extremities  raises  the  inlet -valves.     This  lifting  action  is  accomplished  by  a  sliding  st^-bolt  i 
or  n  placed    with  a  vary^ing  protruding   length   transversely    across  it.     This  bolt  n  —  conf 
ourselves  to  the  one  side  is  made  to  gear  at  the  proper  time,  on  to  a  free  swivelling  catch-plate  < 
fitted  in  a  slot  of  the  valve-spindle  1*\    In  this  manner  this  bolt  n,  lifts  np  the  spindle  F  and  its 
valve  G  higher,   when   the    bolt  n   protrudes    more    out   of  its  rod  ^  than  when  it  protrudes  \mi 
it   devolves    on  the  governor  to  shift  this  bolt  n  more  or  less  out  of  its  socket  according  to  re 
quirements.    Referring  to  our  Fig.  6,  the  governor  slightly  turns  the  rod  r  placed  lengthways  xmi^ 
the  Engine,  which  in  its  turn  causes  the  inner  rod  of  the  hollow  shaft  r  to  slide  lengthways, 
last  motion,  is  obtained  b}'  the  crank  p  and  intermediate  link  m.     The  toothed  projection 
taneously  hulds  the  bolt  n  and  causes  him  to  slide  owing  to  the  wedge-action. 

As  soon  as  the  bolt-end  becomes  disengaged  from   the  vertical  lifting  catch-plato  (s 
latter  ceases  to  rise,  the  valve-spindle  falls  rapidly,  and  steam  is  cut-otf  instantaneously  p&rtH 
owing  to  the  valve  weight  and  partly  owing  to  the  action  af  the   long  sprijig-blades  iSiS.   A  da 
pot  00  is  used  in  the  ordinary  manner  for  regulating  preventing  violent  concussions.    The  c*tck^* 
plate  00^  is  weighted  as  shewn. 

The  two  exhaust-valves  at  the  bottom  of  the  cylinder,  receive  their  motion  from  the  hoU*^ 
shsft  ^;   a   crank  K  is  keyed   midway   on   the   latter,   and    it   gives    motion   by  the  intcmiediAtfd^ 


*)  Acr^mling  to  Prof.  Radingtr  ovily  31H  mm.  =   12 Vs  in. 
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link  e  to  a  slide  b  connected  with  the  exhaust-spindle  /    The  I'orm  of  the  massive  engine-bed  may 
be  seen  from  Figs.  8  and  9* 

The  eyiindcr  u(  the  eugine  exhibited  was  12  in.  (30ri  mm.).  With  a  stroke  of  2  ft.  ^  in. 
/686  mm.),  and  running  at  100  revs,  per  luin.  we  obtain  a  mean  piston-speed  of  TV^  ft.  (2.3  m.) 
per  sec.  Working  at  80  lbs.  pressure,  the  engine  gave  off  39.5  IIP.  The  fly-wheel  diam.  is  9  ft. 
(2.74  m.)  and  its  fVice  1   ft.  8  in,  (508  mm.)  wide:  weight  of  ditto:  1  ton  (5  cwt.  (1350  kg.). 

c.  MacWne-warks  of  tlie  Iniperial  Hungarian  State  Kailwayit,  Biida-Pesth. 

Type :  Zlmmarmann- Waldmana. 

On  Plate  37  we  reproduce  the  design  of  an  engine  shewn  in  motion  at  the  Paris  Exhibition 
of  1878  by  the  K.  Ung  Htaats-Eisenbahnen  of  Buda-Pesth.  It  works  with  four  slides,  with  the 
inlet-valves  arranged  at  the  side  of,  and  the  exhaust- valves  placed  beneath  the  cylinder* 

The  admission -valves  fastened  to  bushes,  receive  their  motion  from  an  eccentric  on  the 
Ciaak-shaft  by  the  valve  rods  passing  through  these  guides.  The  latter  are  so  connected  together 
by  a  frame,  as  to  permit  the  governor -spindle  —  placed  perpendicularly  over  the  valve- 
Bpindlcs,  —  to  rotate  freely  within  tliis  frame.  This  frame  is  guided  in  a  slide  attached  to  the 
cylinder,  and  serves  to  carry  the  two  triggers.  The  bushes,  of  unequal  diameters  in  their  op- 
posite stuffing-boxes,  are  furnished  with  a  steel  catch -plate  on  that  portion  of  their  top-side 
which  always  remains  outside  the  stuffing-boxes;  these  catch-plates  are  made  to  gear  on  to  a  cor- 
fesponding  trigger,  with  the  commencement  of  each  stroke.  As  a  result,  the  spindle-bushes  and 
the  slides  take  part  in  the  eccentric-motion,  so  effecting  the  alternate  opening  and  shutting  of 
the  valves. 

To  obtain  Automatic  Variable  cut-off,  the  governor-collar  is  connected  to  a  bracket,  which 
moves  the  governor-spindle  up  and  down,  according  to  the  rise  or  fall  of  the  governor-collar;  this 
uacket  has  the  upper  ends  of  the  triggers  inside  it,  so  that  when  disengagement  is  required,  it 
S  the  triggers  out  of  gear  from  the  catch^platea  on  the  valve-spindle  bushes.  In  consequence 
f  the  equal  steam-pressure  exerted  on  the  unequal  end-areas  of  the  swelled  valve-spindles,  the 
atter  arc  rapidly  forced  back,  so  closing  the  corresponding-valve.  The  dash-pot  piston  arranged 
,t  the  smaller  end  of  the  bush,  prevents  in  the  usual  manner,  the  occurrence  of  any  violent  con- 
[lussiotis.  Air-pressure  is  substituted  in  place  of  steam -pressure,  for  closing  the  valves  in  all  en- 
ines  exceeding  100  JJI\  This  is  done,  by  making  the  bush,  which  jyasses  through  both  stoffing- 
loxes  of  one  uniform  diameter,  and  fitting  it  up  at  its  outer  end  with  a  piston  moving  air-tight 
1  a  corresponding  cylinder:  the  resulting  vacuum  is  utilised  in  this  manner  for  the  rapid  drawing 
ack  of  the  valve-spindle. 

As  the  foremen  tie  ned  eccentric  merely  regulates  the  steam-supply,  the  eccentric  could  be 
>et  at  an  angle  of  127^  behind  the  crank.  Automatic  cut-off  may  therefore  take  place,  during  the 
:ravel  of  the  eccentric  over  this  angle,  and  the  range  of  automatic  expansion  lies  between  0.0  and 
).8  stroke.  The  exhaust  takes  place  in  separate  grid-iron  valves,  arranged  under  the  cylinder. 
Hiese  exhaust- valves  are  worked  by  cams  fastened  on  a  shaft  driven  by  screw-gear. 

The  Condensing  Engine  illustrated  on  our  Plate  37,  has  a  stroke  of  4  ft.  1  in.  (1250  mm.) 
with  cylinder-diameter  of  22  in,  (560  mm.).  The  cylinder  is  steam-jacketed,  and  this  remark  also  extends 
»  the  front  cover,  cast  in  one  piece  with  the  cylinder;  the  hind  cover  is  placed  in  communication 
ith  the  jacket  through  several  perforations.  The  steam-pipe  of  5  in.  (130  mm.)  bi>re,  corre- 
sponding to  Vjd^'*  the  eylinder  cross-area,  is  attached  to  a  vertical  pipe,  the  lower  end  of  which 
is  fitted  with  stop-valve.  The  steam  circulates  from  here  into  the  steam-jacket,  so  as  to  pass  sub- 
Bequently  through  the  stop-valve  into  the  valve-chests.  The  cylinder  legs  give  the  spent  steam 
into  an  exhaust-pipe  of  (i*/^  in.  (160  ram.)  bore  (=^  ^/la'^  the  piston  area)  which  in  its  turn  yields 
•it  up  to  the  condenser  arranged  vertically  under  the  cylinder.  The  forementioned  vertical  steam- 
Ob  land- ToI  ha  an  en ,  CorliM-eDginea.  2$' 
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pipe  is  fitted  with  injection  valve,  which  delivers  water  to  the  condenser  connected  by  horizontal 
pipe  to  the  air-pump;  the  latter  is  fixed  at  the  side  of  the  crank-beaTing  casting  and  is  driven 
by  separate  crank. 

The  engine  Led  in  of  peculiar  design,  as  our  drawings  shew.  The  connectiDg-rod  is  five 
timea  the  length  of  the  crank- radius.  The  crank -shaft  bearings  are  8%  in.  (220  mm.)  bore  by 
VP/^  in.  (320  mm.)  wide.  The  mortise-wheel  keyed  on  a  crank-shaft  neck  of  10%  in.  (270  ihm.) 
is  15  ft.  (4600  mm.)  in  diam.  and  9  in.  (225  mm.)  on  its  face  with  3V'^  in.  (80  mm.)  pitch.  It  h 
cast  in  two  halves,  and  transfers  its  power  to  a  smaller  spur*-whct4  placed  below  it;  the  pitch- 
line  diam.  of  the  latter  is  4  ft,  11  in.  (150O  ram.) 


3.    With   Inlet-valves  arranged   at    top,    and    Exhaust-valves    fitted    at   bottom    of   f*ylindrr. 

A.    Slide  working  parallel  tci  the  pistoii-rfML 

«.    L.  Nemelka,  Engineer^  of  Simmerliij^  iir  Vienna. 

The  Engineering  Firm  of  L.  Nemelka  of  Simmering  nr  Vienna  has  patented  the  Slide-val?e 
gear  repreaented  by  Figs.  1—3,  Plate  XXIL  From  the  side  elevation  —  Fig.  1  —  of  the  eylind( 
we  observe,  that  the  third  CorIis8  valve-gear  has  been  here  retained  in  the  external  arrangement,' 
with  the  simple  difference  that  the  dash-pots  are  placed  horizontally  as  in  the  Spencer  and  Inglis 
gear.     The  longitudinal  cylinder  section  shewn  in  Fig.  2,  gives  the  internal  valve-motion.     In  the 

Corliss  gear  the  cock-valve  fitted  on  the  valve  spindle  effects  the 
distribution  of  the  steam;  in  the  present  case  however  a  flat  sliile  ia 
added  and  worked  by  rack,  off  a  toothed  roller  fitted  on  the  valve- 
fipmdle.  Owing  to  this  complication  the  advantage  of  the  fiat-nlidc, 
may  wl'H   appear  to  have  been  tou  dearly  obtained. 

Accurding   to  Prof.  Hiedlers  „Excursiunsberichte^^,    the   siteiil 
working  of  this  valve-gear  is  very  noticeable. 


"V^ 


A.    Philip  Allen  &  Sons,  of  Print  Works,  V.  H. 

Allen's  Quadruple  slide  gear,  as  «hewn  attached  to  on^ 
cylinder  end  in  the  annexed  Fig,  2ii8  is  almost  as  old  as  the  fir*t 
Ciudiss  valve-gear^  described  at  the  beginning  of  this  Work,  Thf 
external  gear  presents  nothing  novel,  as  it  is  arranged  on  the  third 
Corliss  valve-gear  principle.  Instead  of  cock-valves,  plain  flat  slide* 
are  used,  G  and  J I  in  our  figure  referring  respectively  to  the  inlifi 
and  exhaust-valves.     In  other  respects  our  woodcut  explains  itself 

c.    Noble  T.  Gn^ene,  of  Provlden^^e,  U,  S, 

Greene's  Expansion- valve  gear  was  already  patented  and   constructed   by  the  St* 
Buiidtng  Co*  of  Providence  in  1869.    A  side  elevation  of  the  external  valve-gear  is  shewn  i 
nexed  Fig.  2*29,  Fig,  230  giving  a  longitudinal  section  through  the  cylinder.    Two  eccentrics  u    u 
the  tail  rods  (/i  and  B^)  of  which,  are  respectively  connected  with  the  inlet    and  exhau 
The  ecocntric  rod  B  is  attached  to  the  slide  -4,  which  is  furnished  witfi  catcb-bolt«  u  fi|  i        ,, 
the  springs  #*j.     The  alternate  rectilinear  motion  of  the  slide  yl,   and  consequently   also  of  tb»« 


Yig  a?8. 


catch-bolts  nv^  force  the  latter  to  push  the  steel  oibbed  levers  N  N^  as  soon  as  they  come  in  con- 
H  tact  with  them;  by  this  lever  motion  the  weights  QQ^  are  raised,  and  this  corresponds  to  the  opening 
■  of  the  steam  ports.  According  as  the  catch-bolts  nn^  are  held  high  or  low,  by  the  governor  action  on 
the  cross-rail  Ii  and  rod  Ji,  the  hmger  or  shorter  will  thej  be  in  gear  with  the  lever  ends  N  A\ :  or  what 
awomits  to  the  same  thing,  the  more  will  the  cut-oft"  he  retarded  or  hastened,     A  continuous  reci- 


Figi,  n9  inti  190. 

irocating  motion  is  imparted  to  the  exhaust-valves  by  the  eccentric  rod  /?|,  wliich  causes  the 
ible  lever  LL^  to  oscillate;  the  latter  is  coupled  by  link  to  the  spindle  /  on  which  the  two 
liatist  valves  /i/i|  are  firmly  fitted. 

We  shew  Greene's  Improved  Valve-gear  on  Plate  XXII  Figs,  4—6  and  refer  the  reader  to 
annexed  wood-cut  Fig.  231  for  the  purpose  of  explaining  the  principle  of  the  valve-gear.  The 
pijston  k  being  at  the  termination  of  its  stroke,  steam  is  passing  into  the  main-slide  chest  6?  through 
the  port  i    behind   the  piston;    on  the   other  hand,    the    exhaust-slide  //,  has   opened   the  exhaust 
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poit  Oj,  while  the  emission  slide  //  ia  not  working  and  the  other  inlet^valve  G  ib  at  rest.  As  the 
travel  of  the  inlet  and  exhaust  valves  is  controlled  by  two  eccentrics,  the  variable  range  of  ex- 
pansion lies  between  0.0  and  0.75  stroke.  The  eccentric-rod  B  imparts  reciprocating  horizontal 
travel  to  the  slide  A^  in  which  the  catch-bolts  n  «i  adjust  themselves  vertically  as  before,  Wlii^l 
the  slide  A  works  in  the  direction  of  the  inscribed  arrow,  the  catch-bolt  n  pushes  the  lever-nib  N 
hefoiT*  it,  wliilKt  the  catch-bult  je^  (on  account  of  its  inolined  end  surface  and  the  w^eak  spring  */) 
slides  under  tlie  stationary  lever  N^.  On  the  spindles  LL^^  the  levers  K  K^  are  keyed  and  con- 
nected in  the  nsual  manner  to  the  rod  J^I\  to  dash-pot  pistons;  the  same  spindles  also  carr}'  Uie 

levers  <7Ci,  which  gear  into 


G. 


:^i 
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slots  of  the  valve  rods  Ff  „ 
consequently  with  the  as- 
sumed   direction    of  trave 
the  right-hand  valve  begin 
to  move  while  the  left  sBd 
ii^  remains  closed  and  sta- 
tionar}%    and   at    a  certa 
expansion-degree  the  eatc 
bolt  n  will  clear  the  leve 
nib  iV.    Owing  to  the  steaa 
pressure  exerted  on  the  end 
area  of  the  valve-spindle  as 
well  as  owing  to  the  diwh- 
pot  piston  weight,  the  closing 
fvf  the  valve  is  effected. 

As  already  observei 
the  exhaust  valves  ////J 
are  intermittingly  workeJ 
from  a  separate  eccentrii^ 
so  that  when  the  one  do 
the  other  siniultain^nslj 
n]*ens.  Thisisaccoraplishi^J 
by  the  eccentric  rod  i^JiriJj 
this    shaft    £!,  alternately 


Fig  srai. 

lever  /  causing  a  shaft  E  to  oscillate;  a  forked  lever  T  mounted  on 
works  the  stud  K  to  and  fnu  as  the  latter  is  between  the  prongs  of  the  fork-lever,  and  inounteA 
on  the  exhaust  valve-spindle.  Sufficient  play  is  given  to  the  stud  K  between  the  prongs,  so  tha^ 
it  is  only  moved  by  tlie  latter,  while  the  dead  centre  is  being  passed.  Little  power  is  required  to 
ensure  this  motion,  for  reason  that  the  grid-iron  exhaust-valves  remain  stationary  during  t 
greater  portion  of  the  stroke.  This  valve-gear  possesses  the  advantage,  that  the  force  requi: 
work  the  valves,  nL*arly  coincides  with  the  valve  spindle-rod  centres* 


d.   B.  Lebruii  &  Com  Nlmy  iir  Mons,  Belgium. 
Tjrpe:  B,  Lebrun. 

The  Valve-gear  mechanism  illustrated  on  our  Plate  38  has  been  constructed  for  a  nawB 
of  years  by  the  Engineering  firm  of  Messrs.  B,  Lebrun  &  Co.  of  Nimy  (formerly  Ateliers  de  CuO" 
stnietion  de  E*  Mauroy  &  Lebrun).    The  internal  arrangement  is  sliewn  in  Fig.  2,  transvew  i^ 
tioii  and  end-view  of  ey Under  arc  ilrawn  in  Figs.  I-l  and  4  of  i\i^  same  Plate. 

The  trip-gt*ar  bears   great  similarity  to  the  B^de  &  Farcot  gear,    though    the   workiuf  ^ 
the  same  could  not  be  arranged  as  simply   as  in  the  former  mechanism,  on   account   of  the  «W<* 


b'ing  o\^er  the  cylinder,  which  necessitated  the  use  uf  an  extni  horizontal  lay  -sliaft  drivL'u  by 
tevel-gear,  hoth  for  the  inlet  and  exhaust  valves. 

f  Motion    is   imparted   to  the  valve-gear,   hy  a  lay-shaft  driven  by  equal    bevel   wheels   and 

Irranged  parallel  to  the  cvHnder-axis.  Tlie  same  shaft  also  drives  by  bevel  gear  the  governor 
Q>indle  placed  at  the  side  of  the  cylinder.  This  shaft  revolving  at  the  same  speed  as  the  crank- 
^aft,  imparts  equal  speed  to  the  la}- -shafts  placed  transversely  over  and  under  the  steam- cylinder. 
the  upper  shaft  of  these  two,  has  a  cam  fitted  upon  it,  which  is  shewn  by  Fig,  10.  This  cam  gives 
I  reciprocating  horizontal  movement  to  two  slides,  each  of  which  carries  a  trigger.  As  one  end 
^  each  of  these  triggers  is  weighted,  they  have  a  tendency  of  pressing  against  the  horizontal 
iralve-spindles  arranged  underneath  them,  and  thus  a  trip-gear  is  obtained.  The  valve-spiodle  is 
lushed  forward  and  the  port  opened  in  the  usual  manner  as  soon  as  the  piston  returns  on  its 
briuer  stroke  direction.  The  inlet  valve  spindle  is  made  with  a  swell,  against  which,  the  pressure  of 
jhe  steam  is  allowed  to  exert  itself,  whereas    its  thinner  end  is  attached  to  a  piston,    fitting  in  a 

fsh-pot  bolted  to  the  valve-chests;  both  steam  and  piston  press  in  opposite  directions  to  the 
rresponding  trigger-thrust. 
Automatic  disengagement  under  the  control  of  the  governor  is  obtained  in  a  rather  round- 
flbont  way.  The  governor-rod  M  articulates  a  lever  on  the  shaft  m\  the  latter  has  an  eccentric 
Use  keyed  at  its  opposite  en  J,  the  ring  of  which  is  attached  to  a  slide  arranged  with  vertical  up 
ind  down  travel  on  to  the  non- weighted  trigger-arms.  It  is  evident  from  ^^ig.  2,  that  if  this  slide 
iresaes  down  the  non-weighted  trigger-arms,  the  opposite  arms  arc  released  from  the  valve-spindle, 
Irbich  is  then  forced  to  close,  owing  to  the  stcam-pres- 
ffire  and  dash-pot  connection;  steam  is  thus  shut-off 
ipid  expansion  begins. 

As  a  contrast   to  the  advantageous    form    and 

irrangement  of   the   trigger  arms    in  Bede  &  Farcot*s 

Automatic  Variable  Expansion  gear,  these  arms  in  the 

i*ehrun  design  are  made  to  include  very  obtuse  angles 

Igainst  their  direction  of  motion. 

The  transverse  shaft  under  the  cylinder  works  fjet.  ajs, 

the  exhaust-valves ,    also  by  means  of  a  cam,    the  form  of  w^hich  is  shewn  in    Fig.  11.      This  cam 

ikewise  rotates  between  a  slide  to  which  the  exhaust   valve  spindles  are   attached;  and  thus  tlie 

^'ternate  horizontal  motion   of  the    slide  is   transferred  to  the  exhaust  valves.     The  form    c^f   this 

mm  is   determined  to  afford  a  rapid    opening  of  the   slides,   and   to   ensure   their   remaining  sta- 

Soiiary  when  open,   and  similarly  to  ensure  quick  closing  when  required*     A  catch-oil   receptacle 

placed  underneath  tiie  cam* 

The  exliaust-steam,  as  in  the'  Inglis  and  Spencer  valve-gear   is  passed  off  through   the  two 
liuder-supports.     The  guide-bars,  bed-plate  etc.  are  copied  from  tlic  Corliss-type. 

The  cylinder  is  15^4  in.  (400  mm.)  in  diam*  and  of  2'  11 V.^"  (**<)0  mm.)  stroke,  its  piston 
fev eloping  a  mean  speed  of  5  ft.  11  in,  (1.8  m.)  per  sec.  wdien  running  at  (>0  revolutions  per  min, 
-o^  indicator  diagram  shewn  in  Fig.  282  as  a  facsimile  of  the  original,  was  taken  w*itli  72  lbs, 
^iler-pressure,  and  gives  an  effective  power  of  70  per  cent. 

This  engine  has  a  condenser  attached.  The  horizontal  air-pump  tP/^  in.  (165  mm.)  in  diam, 
driven  direct  from  the  piston-rod  which  is  prolonged  for  this  jjurpose,  through  the  Innd  cylinder 
!^Ver;  the  ratio  between  air-pump  and  cylinder  piston  is  therefore  as  1  :  G.  The  steam-supply  pi|>e 
*  4  in.  (10C>  mm.)  in  diam.,  or  Vi6  ^^^  cylinder-cross-area.  The  fly-wheel  cast  in  one,  is  i:^  ft-  IV'^ 
(4  m.)  in  diam.  and  7  in.  (180  mm.)  on  the  face.  The  connecting-rod,  is  five  times  the  crank 
^'igth. 
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e.    C.  Vlrek,  Engineer  of  Kirch  Malson,  Meekleiilmrg, 

The  Virck  Antomatic  Expansion  gear,  has  four  separate  slides,  the  inlet  and  exhaust 
valves  of  which,  are  respectively  placed  separately  on  the  top  and  bottom  sides  of  the  cylinder. 
Tlie  Htejain  valvc»  are  closed  rapidly  by  an  independent  small  steam  -  cylinder,  and  are  under  the 
cotitnd  i}i  the  j^overnor*  The  motion  of  the  exhaust-valves  is  not  depending  on  the  inlet  valve 
travel,  and  the  adoption  of  a  peculiar  flat-slide  arrangement,  reduces  the  clearance  spaces  to  % 
miiiimnm*  A  full  illustrated  description  of  this  Valve-gear  will  be  found  in  Engineering  isso^ 
dated  5i«»  So|jt.  187 J),  pg.  187  and  190. 
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B.    Willi  ViilveH  workiiiff  perpeiHlicularly  to  the  cj liiider-plstoii. 

<t,    Bnheoek  &  Wilcox,  of  New-York. 

The  majority  of  Four  slide  Automatic  Variable  Valve  gears,   have  the  slides  placed  cross- 
wise over   or  under  the  cylinder,   as   represented   in    the  annexed  Fig.  2?J3.     Grid-iron    valves  an* 

mostly  used,  as  they  ensure  a  very  small  slide-travd 
A  great  variety  of  mechanisms  have  been  introduced  for 
the  purpose  of  working  horizontally  such  flat-slides  as  shewn 
by  (j  and //in  Fig.  233.  Thus,  they  have  at  times  been  a^ 
ranged  independently  of  each  other,  as  we  notice  wvith  the 
valve-gears  ol  Smrczka,  Tlieis  &  Berchtold,  whereby  wider 
grades  of  automatic  cut-off  are  ensured,  and  at  other 
times  we  find  these  valves  set  dependent  on  each  other 
as  in  the  Wannieck  type,  In  this  case  the  cut-off 
under  the  control  of  the  governor  is  mostly  limited 
to  *4tk8  stroke,  though  Mr.  Kuchenhecker^s  extremely 
simple  valve -gear*)  forms  an  exception  hereto  by  p«^ 
mitting  automatic  cut-ofls  up  to  Vjo!^  stroke* 

One  of  the  oldest  and  most  renowned  Warb 
of  North  America,  under  the  management  of  Messrs, 
Babcock  &,  Wilcox  and  known  as  the  Hope  Ironworksi 
has  constructed  a  four  slide  Expansion  valve-arrai*pr 
ment  in  connection  with  its  Engines,  which  u 
appeared  in  1869  in  ^^Engineering".  We  len-  **: 
^^;^^^^:^5^^^^^^^55^       to   refer   to    this    account,   contenting    our 

scribing  their  latest  improved  constniction  as  illu- 
^Vm.  on  our  Plate  XXIV. 

Altliough  six  slides   are  used  it  nevertheless    belongs    to   the  group    of   qnadnrjilr 
thus,    we  find  two  inlet-valves  working  transversely   on  the  cylinder   top  with    two  cor  ^ 

expansion  plates  working   on  the  back   nf  the  former  under  governor-control,    and  lastly  LUo  IW» 
ejchaust  valves  complete  the  six-valve  arrangement 

Only  ones  eccentric  is  used,  which  is  shewn  in  Figs.  3  and  4  (Plate  XXTV)  to  articulate  a  d< 
lever  J,  which  in  its  turn  imparts  an  alternate  horiz^ontal  movement  to  the  rods  JC fl^^ 
are  furni^htHl  with  inclined  grooves  AOVj,  and  on  referring  to  the  plan  (Fig. 4)  it  will   ]  . 
apparent   that   an  intermittent   transverse  motion   must   be  given   to  the  valve-spimlles  Fl 
perpendicular  pins  (firmly  secured  to  the  latter)  pass  into  these  slots. 

The  movement  of  tiie  inlet- valves  is  simiUirly  imparted  to  the  expansion  plate^ 
are  rigidly  oonnectod  together  by  the  rod  /.    At  the  moment  that  steam  is  cut-off,  the 
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plates  are  moved  laterally  over  the  inlet  valves  —  i,  e.  parallel  to  the  cylinder-axis  —  by  the 
followiBg  mechiiuisra:  Tho  expanf<ion-rod  /  has  a  piston  k  attached  at  one  end,  which  tits  in  a 
email  cylinder  h  (Fig.  8)  bolted  to  the  cylinder.  This  piston  receives  fresh  steam  alternately  on 
each  side  through  a  regulating  piston-slide  o,  whereby  its  corresponding  opposite  sides  are  si- 
milarly alternately  connected  with  the  exhaust;  these  exhaust  passages  are  however  not  set  ex- 
actly at  the  ends  of  this  cylinder,  but  they  are  arranged  somewhat  inwards  so  that  a  steam- 
cushion  may  be  formed  to  prevent  violent  concussions.  Thus,  to  ensure  cut-off  at  a  certain  posi- 
tion of  the  stroke,  all  that  is  necessary  to  do,  is  to  shift  the  regulating  piston  slide  o,  as  this  will 
cause  the  expansion-plates  to  rapidly  change  their  position  and  shut-uff  steam.  For  this  purpose, 
the  governor  spindle  is  allowed  a  vertical  sliding  motion  (regulated  by  the  hall-velocity)  whiuh 
causes  a  double  lever  //?  to  oscillate;  this  lever  m  is  moreover  connected  with  the  slide  piston  o 
through  the  rod  p. 

The  peculiar  construction  of  the  governor  as  shewn  in  Fig.  5,  may  well  deserve  our  further 
attention.  The  arms  M  carrying  the  balls  P,  are  made  twice  as  long  as  the  links  NN  connected 
to  the  hollow  spindle  L  giving  rotation  to  the  governor-halls.  On  the  other  hand,  the  ainns  M 
are  fixed  to  the  vertical  sliding  spindle  A*  revolving  inside  the  other  spindle  Lj^.  Owing  to  this 
arrangement,  the  governor-balls  will  rotate  in  a  horizontal  plane,  their  centrifugal  action  being 
impeded  by  a  counter-weight  Q  hanging  from  the  opposite  end  of  the  lever  m  which  forms  the 
support  of  the  sliding  governor-spindle.  When  these  two  acting  forces  are  in  equilibrium,  the  go- 
vernor balls  naturally  remain  in  one  swing-circle,  but  if  one  force  becomes  greater  than  the  other, 
a  corresponding  effect  on  the  movable  governor-spindle  will  he  produced,  which  becomes  trans- 
ferred on  to  the  expansion-plates.  The  engine -speed,  notwithstanding  diminishing  loads,  always 
remains  the  same,  because  each  increase  or  decrease  of  load  gives  preponderating  effective  power 
to  the  balls  or  to  the  counter  weight,  w^hich  in  their  turn  alter  the  cut-off,  and  so  ensure  a  uni- 
formity of  speed.  Consequently  the  engine  may  he  set  running  to  any  speed,  by  adding  or  re- 
ducing the  weight  of  the  counteracting  weight  Q. 

The  high  range  of  automatic  cut-off  of  0.0  to  0,8  stroke  is  obtained  with  this  valve-gear. 
An  additional  advantage  which  should  not  be  lost  sight  of  in  this  gear,  is  that  in  case  the  auto- 
matic cut-off  mechanism  should  by  some  accident  or  other  become  deranged,  the  expansion  plates 
may  be  bodily  removed,  when  the  ordinary'  inlet  valves  take  up  the  supply  and  shutting  off  of 
the  "steam,  though  it  is  true,  then  giving  steam  up  to  nearly  full  stroke. 

//.    A.  F.  Craig  Sc  Co.,  Engineers  of  Paisley. 

Messrs.  A.  F.  Craig  &  Co,»  of  the  Caledonia  Engine  Works, 
Paisley,  construct  an  Automatic  Variable  Expansion  Gear^  in  which 
the  slides  are  made  to  work  in  a  plane  at  right  angles  to  the  piston- 
rod.     Of  this   arrangement,    presumed    Ut    be    fitted    to    an  Horizontal 

Ingine,  the  annexed  Figs*  234  and  235 
ve  a  side  elevation  and  plan,  while  an 
nd-view  is  afforded  by  Fig,  23ti,  for 
the  purpose  of  shewing  the  arrangement 
of  the  slides;  Fig.  237  gives  a  trans- 
verse section  through  one  of  tht-  cylinder 
ends. 

The  valves  are  of  the  grid -iron  form 
with  flat  faces  and  are  muved  across  the  cy- 
linder; the  two  upper  valves  a^e  the  main 
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ol  the  Lmwood  F^iper  MHk  aearFaiatef  to  drive  their  ptpef* 

where  it  haa  now  heen    at  work    for  nearly  two 

The  apeed  ia  Tarit^d  by  shifting  a  weight  on  tbc 
lever  of  the  goTenoir.  The  valvea  are  worked  frooi  tltf 
upright  ahaft  hj  caaa  aaaie  aa  deeeribed  for  the  Hortaoolal 
Engine,  the  only  differeaoe  bebg  that  the  exhauat  Talvei  tA 
the  upright  Engine  are  worked  by  one  eooentrio  and  >> 
Mhaft- 

The  cylinder  is  10**  diam.  the  atroke  20^;  the  m^iiimuro 
and  uimimum  number  of  revolntioas  is  80  and  60  per  uiitmteu  Ihr 
Engine  ia  mounted  on  box  aole  plate^  on  which  ia  caat  the  oaiik 
Hhafl  piUoW'bUicka,  and  the  seats  for  the  foot  valve  and  air-pump. 
the  crankshaft  ia  Z%"  diam.  at  the  bearings.  The  Colamns  ut 
east  hifUow,  one  of  which  forms  the  condenser;  the  alidea  are  ca^ 
on  the  Columns,  means  btung  provided  on  the  croashead  for  taking 
up  wear.  The  piston  rod  and  crosshead  are  forged  together  vJ 
i»teel;  all  the  bushes  are  of  phosphor  bronae.  The  air-pump  i* 
wrought  by  levers  and  links  from  the  crosshead;  tlje  iia* 
muter  of  the  pump  is  7*'  inches,  with  a  stroke  of  10".  T^ 
bnohiti  Mild  grills  are  all  of  pliosphor  bronze.  The  valves  are  India  Rubber.  The  steam  larf 
ftaiiiiiint    viiivi^s   ♦ir«    workml  by    un    upright    shaft    driven    from    crank    shaft    b 
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worked  by  one  eccentric, 
the  travel  being  1  Vt"and 
the  ports  Into  exhaust 
f&ee  having  an  area  nf 
6.5  «qr.  in.  The  ateam 
valves  have  a  travel  of 
%''  the  opening  cam 
being  fixed  in  position 
to  give  the  lead  at  the 

I  proper  time;  it  is  keyed 
on  the  shaft.  The  closing 

» orcnt^oflcamH  are  keyed 
ana  tube  mounted  lowse 

[on  the  shaft;  it  has  an 
led  slot  with  a  pin 
sing   through  a  pa- 

l^rallel  slot  in  the  shaft. 

[The  angle  in  the  tube 
is  so  cut  that  it  varies 
the  range  of  automatic 

k  eat-off  from 

kiul^yf  the  stroke.  The 
valves  have  an  opening 

[  of  4  sq.  in.  The  gover- 
nor is  of  the  l\>rtc*r 
t3rpe;  it  is  driven  from 
the  upright  shaft  by 
a  spur  -  wheel  and 
pinion,  which  are  ma- 
chine-cat  The  whole 
of  the  valTe-levers  and 
spindles,  upright-shaft, 
cams  and  governor 
oomiections  are  <if  steel 
The  other  parts 
of  the  Engine  require 
no  deaeription  as  they 
are  dearly  shewn  in 
our  perspective  view. 
In  Fig*  239,  a  diaj^ran 
is  reproduced  as  tak 
from  one  of  Messn*, 
Craig  »  Engines,  which 
they  supplied  to  Afssrs. 
J,  &  P.  Coats,  Ferguslie 
Thread  Works  for  driv- 
ing the  turning  shop. 
The     boUer  -  pressure 
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was  55  lbs.,  and  vrith  a  20  in.  cylinder  diameter  and  a  3'  6''  stroke,  the  engine  was  rmnmng  at 
60  revolutions  per  min.  It  may  be  here  obserred,  that  a  long  range  of  heating  pipes 
through  which  the  exhaust  steam  is  passed,  somewhat  accounts  for  the  back-pressure  indioated 
by  this  diagram. 

c.   Jonathan  Edge  &  Co.  late  of  tlie  Tipping  Irvnworks,  Bolton. 

The  late  Firm  of  Messrs.  Jonathan  Edge  &  Co.  patented  the  Quadruple  slide  arrange- 
ment illustrated  on  our  Plate  XX  (Figs*  1  and  2). 

Bevel  gear  transmits  rotary  motion  from  the  cmnk-rod  on  to  the  lay-shaft  w  which  in  its 
turn  g^ves  by  mitre-gear,  similar  totary  motion  to  the  shafts  v  and  t^^;  the  first  of  the  latter 
works  the  inlet-valves,  the  exhaust  valves  being  worked  by  v^. 

The  inlet-valve  spindle  F  is  fixed  to  a  slide  T^  which  is  moved  backwards  and  forwards 
by  a  cam  n,  in  such  a  manner  that  the  anti-friotion  rollers  rr^  are  always  in  contact  with  this 
cam.  The  shaft  v  driven  by  the  tooth-gear  1  to  IV,  owing  to  the  elliptic  wheel  IE  is  made  to 
rotate  quicker  at  the  opening  of  the  port  than  when  the  latter  is  open.  In  addition,  the  shaft  t^ 
receives  an  axial  thrust  under  control  of  the  governor,  through  the  link-work  of  the  latter  playing 
on  the  fast  collar  rn.  Owing  to  the  fotm  given  to  the  cam  n^  a  variable  return-travel  of  the 
inlet-valve  is  secured. 

The  lower  shaft  v^  receives  its  motion  through  the  mitre-wheels  V  to  Vlll  from  the  lay- 
shaft  tr,  and  it  revolves  at  one  uniform  speed,  without  any  axial  slide.  The  exhaust- valve  spin^e 
F^  is  also  fixed  to  a  saddle  T^  and  similarly  worked  by  cam  and  roller  gear  p,  o,  in  such  a 
manner  as  to  ensure  a  quick  opening  and  shutting-off  of  the  exhaust  ports,  at  the  commencement 
and  at  the  end  of  the  stroke,  whilst  securing  a  full  open  passage  during  the  intermediate  piston- 
positions.    To  secure  a  small  travel  of  the  valves,  the  grid-iron  type  is  again  used. 

d^  Bnjfand  Frtoes^  Engineers  of  Lyons. 

The  disengagetnent-portion  of  the  Automatic  Expansion  mechanism,  introduced  by  Mesars. 
Buffaud  Fr6res,  Engineers  of  Lyons,  is  exactly  alike  to  the  Corliss-valve-gear  of  Messrs.  B6de  & 
Parcot,  (resp.  Lebrun)  which  we  have  already  described  in  these  pages;  for  this  reason  we  merely 
illustrate  their  Engine  in  perspective  in  Figs.  240  and  241. 

The  lay -shaft  running  parallel  to  the  engine-centre-line  is  caused  to  rotate  by  mitre  gear 
off  the  crank-shaft,  and  it  transmits  in  its  turn,  its  rotary  movement  on  to  two  vertical  spindles 
by  worm  and  wheel-gear;  the  latter  are  fitted  with  cams  at  their  ends,  the  uppermost  of  which 
drive  the  inlet- valves,  whilst  the  t)ottom  pair  work  the  eachaust-valves.  The  reciprocating  move- 
ment of  the  valve-spindles  is  obtained  by  attaching  the  latter  to  a  slide  placed  in  contact  with 
these  cams.  Ai  in  the  B6de  &  Farcot  gear,  so  in  the  present  arrangement,  a  trip-gear  is  intro- 
duced which  works  precisely  alike. 

The  govefbor  is  fixed  at  the  side  of  the  cylinder,  and  works  by  suitable  link-combination 
the  disengagdltlelit  gear. 

The  rapid  shut-off  of  the  inlet  valves  is  effected  by  a  spiral  spring,  which  simultaneonsly 
acts  4s  a  cushion.  The  external  valve^ear  is  enclosed'  in  a  casing  which  protects  it  from  dnst 
and  dirt|  and  also  forms  an  oil-receptacle. 

IThe  engine-bed  rests  with  its  front-part  and  its  end  —  i.  e.  under  crank-shaft  and  oylinder 
^r—  on  the  floor,  allowing  a  convenient  setting  of  the  air  and  feed-pumps  between. 
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«-    Fr.  Wan II leek.  Engineer  of  Brfiiiii. 
Type-  WatLBieck  &  Koppnar* 

On  Plate  39,  the  reader  will  find  illuatratetl  the  latest  improved  Expansion-gear  of  Messrs. 
rannieck  &  Koppner,  Considering  that  we  may  look  upon  it,  as  the  outcome  of  a  long  practical 
iperience,  we  may  he  pardoned  for  casting  a  retraspect  on  the  various  mechanical  arrangements, 
^liich  have  led  the  forementioned  Firm  to  introduce  and  adopt  the  present  Automatic  Variable 
xpaDsion-gear  in  preference  to  their  preceding  innovations*  The  advantages  of  the  Corliss  valve- 
ear,  soch  as  they  present  themselves  in  the  use  of  separate  valves,  natural  draining  of  the  cy- 
nder,  etc.  are  self-evident;  still  the  manner  in  which  the  modification  was  carried  out,  so  as  to 
lit  the  requirements  of  the  diffei*ent  engine-construction  (pg.  72)  proved  too  complicated.  For 
lis  reason,  Messrs.  Wannieck  ^  K5ppner  abandoned  the  Corliss-gear  with  its  rocking-plate ,  and 
►turned  to  the  ordinary  i>-8Ude,  which  they  of  course  arranged  independently,  on  each  cylinder- 
id—  vide  pg,  159  — .  In  this  arrangement  they  employed  expansion-plates  to  slide  under  the  control  of 
trip-gear  on  the  hack  of  the  valves,  paying  little  regard  to  any  largtdy  varying  engine-loads*  In 
tieir  subsequent  slide-valve  gear,  —  videpg*  166  —  the  same  machinists  merely  modified  their  previous 
Irangement,  by  allowing  the  shutting  off  and  the  supply  of  steam  to  be  performed  by  four  separate 
'alves;  that  is  to  say,  i>  slides  and  expansion  plates  were  there  no  longer  used,  but  we  found  inlet 
told  exhaust-valves  re-introduced,  the  former  of  which  supplies  and  momentarily  cut-off  the  steam, 
ffhilst  the  latter  merely  controlled  the  passage  of  the  exhaust-steam. 

On  the  other  hand,  the  advantages  of  the  Corliss-principle,  in  the  arrangement  of  the 
rteam-distributing  gear  on  the  top  and  bottom  sides  of  the  cylinders,  ensuring  natural  draining 
nf  the  cylinder,  were  t<>o  conspicuous  to  allow  them  to  be  ingnored,  without  an  extra  attempt 
eing  made  by  Messrs.  Wannieck  &  Koppner  to  adopt  their  practically  successful  flat  slide  and 
tip -gear  arrangement  thereto  and  combine  the  same  in  a  novel  construction  to  the  Corliss -type. 
he  outcome  of  this  idea,  is  the  Engine  which  we  represent  in  our  Plate  39,  where  Fig.  I — 4  are 
orkiug  drawings  of  the  entire  arrangement,  Fig.  5  and  G,  shew*  the  valves  on  an  enlarged 
»ale,  and  Fig.  7  gives  the  position  of  the  trip-gear  at  disengagement  periods. 

The  lay-shaft  is  caxTied  along  tlie  side  of  the  engine,  and  is  driven  by  a  pair  of  bevel- 
fceelg  ^  each  of  4G  teeth  —  off  the  crank  shaft;  to  avoid  noise,  one  of  these  wheels  is  fitted 
ith  wooden-teeth,  which  plan  is  also  adopted  in  the  bevel-gear  driving  the  governor.  The  lay- 
laft  carries  an  eccentric  A  at  each  cylinder-end,  which  articulates  a  three -armed  lever  B  Bi^ 
**^  arm  of  the  latter  which  is  connected  to  the  eccentric,  is  forked,  and  is  furnished  inside  with 
*ju8table  steel*plates,  so  arranged  to  compensate  for  eventual  wear  and  tear.  The  other  two 
f'Jis,  diametrically  opposite  each  other,  have  small  forked  extremities,  for  taking  up  at  one  end 
*^  trigger  (Fig.  6)  of  the  inlet- valve  spindle,  and  the  exhaust  valve-spindle  (Fig.  5)  itself  at  the 
^^T  end.  The  trigger  end  will  thus  describe  a  small  arc  in  its  travel,  whereas  the  other  end 
f  the  lever  is  arranged  to  furnish  the  exhaust  spindle  with  a  straight  movement. 

Thia  valve-gear,  as  may  be  seen  from  Fig.  4,  makes  use  of  no  springs,  hut  advantage  is 
*k©n  of  the  Bteara-pressure  on  the  valve-spindle  swell,  to  effect  the  rapid  closing  of  tlie  corres- 
^ndijig  valve,  as  soon  as  the  trigger  is  forced  out  of  gear  from  the  corresponding  catch-plate 
*^*l<5r  the  action  of  the  governor;  the  intensity  of  any  resulting  shocks  is  distroyed  by  the  simple 
*^h-pot  appendage.  The  stroke  may  be  varied  by  the  adjustable  wrought-iron  disc  u,  which  may 
^  oiade  to  beat  against  a  felt-cushion  un  the  dash-pot  piston.  The  third  Corliss-gear  has  been 
*^^ly  adopted  for  the  go  vera  or- act  ion. 

'  The   action   of  the  automatic  trip -gear  may   be  seen  on  referring  to  Fig.  7,    in  which  the 

*^ou8  disengagement  moments  corresponding    to  certain   piston  positions   are   inscribed*     On  ac- 
^^t   of  both  inlet   and   exhaust  valves    being  moved  by  one  eccentric,   the  grades  of  expansion 
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are  limited.  From  position  I  to  position  11,  the  eccentric  goes  over  half  its  travel  and  so  doca 
the  trigger,  which  consequently  takes  the  valve -spindle  over  the  same  travel.  In  position  III, 
the  crank  is  on  its  dead  centre,  and  the  valve  has  opened  to  the  extent  of  its  lineal  lead,  k 
this  and  succeeding  positions  IV  —  0.1  cut-off  —  and  V  —  0.38  stroke  —  the  trigger  is  on  the 
point  of  heing  pushed  out  of  gear. 

In  order  to  explain ,  the  extent  to  which  the  ports  are  opened  with  corresponding  crank 
or  piston  positions,  we  have  prepared  the  Zeuner  diagrams  shewn  in  Figs.  242  and  243  baaeJ 
on  these  measurements.  As  the  lever-arms  are  of  unequal  length,  the  travel  of  the  inlet-valve  i§ 
greater   than    that    of  the  exhaust-valve.      The  constructive  arrangement  justifies  this  inequality, 

ports,  whereas  the  exhaust- valve  slides  over  four  steanir 

no  account  of  this  discrepancy  as  it  merely   represents 

the  trav«^l  from  one  side  of  one  single  opening 


inasmuch  as  the  inlet  valve  has  only  two 
passages;    in   our  diagram  we  need   take 
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to  the  other,  and  because  all  are  equal  U 
each  other.  Both  valve-circles  have  the  aaiuc 
lead-angle  (S)  of  12'5^';  the  semi-circle  n^  n 
described  with  the  lap  (\  4  in.)  of  the  inlet- 
valve  as  radius,  fa  representing  the  widtk 
{l*j,th|  iu.)  of  the  port.  To  complete  the 
upper  half  of  the  diagram,  take  half  the  trave! 
(20  mm.  =  ^/V)  of  the  inlet-valve  in  the  oqip- 
pass  and  describe  the  circle  a^. 

The  exhauHt-valve  has  no  lap, 
quently  the  semi-oircle  re  is  ilrawn  to  a 
dius  equalling  the  port  width  (25  mm.  ^  1"  ia) 
and  then  taking  half  the  travel  (Hmro.  = 
V2  in-}  of  this  valve  into  the  compass  and 
describing  the  valve- circle^  the  lower  half  **( 
the  diagram  is  also  completed.  To  facilitate 
the  comprehension  of  the  diagram,  ten 
stroke  portions  are  added  to  the  figi 

The  main  points  referring  to  th? 
tribution  of  the  steam,  when  the  crank  is  r^ 
volving  as  indicated  by  the  arrow,  may  now 
he  easily  traced.  With  the  orank-positioo  n 
the  admission  valve   begins  to  open;   at  A  tt 


kas  teaohed  its  extreme  position  and  the  limit  of  variable  expansion  is  attained.    Were  diaenga^^ 
ment  not  to  ensue,   the  port  would  only  close  at  c,    the  period    of  exy»ansion  lasting  fn>m  r  U»  4 
as  the  exhaust-valve  begins  to  open  at  d;   in  this  crank-poBition   the  valve-gear  is  midway  *jn  **• 
travel.     The  exhaust-valve   has  opened  during  half-a-revohition  of  the  cmnk    because  closing  al  #,— 
compression  takes  place  whilst  the  crank  is  m«iviijg  from  etoa.   In  Fig.  171,  we  have  represented  the  pi^| 
riods  of  «team-supply,  and  of  expansion  and  of  compression  during  the  stroke,  the  top  portion  of  th^ 
diagram  referring  to  the  forward  piston-stroke,  whereas  the  bottom  part  refers  to  the  retunHtravrl- 
The  dimensions  of  the  Engine  illustrated    on  our  Plate  39  are   as  follows:   Cylinder-diMR 
18%  in.  (474  mm.);  stroke  5'  7}"  (1H)6  nnn.);  mean  piston  speed  per  sec,  nearly  ^*  6"  (2m.)  p«r  i^ 
when  running  at  54  revolutions  per  inin,      A  steam-jacket   is  not  used ,    but  the  inl^t-valve  chcfti 
are  connected  with  the  steam-passage  placed  on  the  cylinder-top,  leading  to  the  steam-suppl}"  |iipft 
The  latter  4^/4  in,  (llH  mm.)  in  diani.  is  V'jft*^  piston-area.     The  steam -exhaust   i»  taken   up  hy 
the   cylinder-legs;    a  chest    is  arranged    inside  each    of   these  legs,    which  simnltaneouely   mtrt§ 
far  the  sliding   surface    of  the  exhaust -valves^    whence  the   spent  steam    is  taken   by  an  axlini^ 
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pipe  of  6%  in.  (158  mm.)  diam.  or  of  V^^h  the  piston- area.  The  cro«8-head  piu  in  prolonged  for 
taking  up  the  guide-rod  of  the  air-puni|v;  this  rod  is  b\'^in^  (140  mm,)  long,  4  in.  (100  mm»)  diam. 
and  set  to  an  eccentricity  of  6  in.  (155  mm*).  The  connecting  rod,  five  times  the  length  of  the 
wrought  iron  crank  has  a  closed  strap  end.  The  engine-trunk  frame,  is  bolted  to  the  crank-shaft 
bearings     8  in.  =  (204  mm.)  in  bore  X  16  in,  =  (408  mm.  wide)  and  to  the  cylinder. 

The  governor  nsed  is  of  the  ordinary  Porter-type^  it^  oollar-rise  of  3Vj  in^  (iJ2  mm.)  being 
calculated  for  167.4  revolutions  per  min.     The  governor  is  fitted  with  cataract  cylinder. 


/  Hy.  Berchtold,  C.  E.,  of  Zflrleh* 

When  discussing  Circular-valve  gears  we  observed  —  see  pg.  115  —  that  the  latest  Au- 
tomatic Variable  Cut-ofl'  motion  designed  by  Mr.  Hy.  Barchtold  of  Zurich,  belonged  to  the  flat- 
slide  grou]i.  It  is  this  arrangement  which  we  represent  on  Plate  29,  in  Figs.  1 — 7,  as  attached  to 
a  Condensing-Engine. 

The  external  valve-gear  has  merely  been  so  far  modified  that  instead  of  the  lever-me- 
I  chanism  setting  a  vertical-spindle  in  oscillation,  the  same  gives  alternate  motion  to  an  horizontal 
■  valve-rod.  On  the  other  hand,  the  lay- shaft  placed  at  the  engine-side  and  driven  off  the  crank- 
shaft, as  well  as  the  vertical  governor  spindle,  have  both  been  retained  in  the  present  arrange- 
ment. Two  cam -discs  are  keyed  on  the  governor -spindle,  the  lower  one  of  which  —  Pig.  7  — 
works  the  exhaust  grid-valves  direct  by  means  of  tw^o  crank- levers.  The  inlet- valves  are  again 
worked  by  trip-gear,  by  an  arrangement  which  from  Fig.  3  the  reader  will  perceive  to  be  very 
siniilar  to  the  mechanism  before  alluded  to;  the  coimtruction  of  the  inlet-valves  will  he  seen  from 
Pig.  6,  which  also  shews  the  patented  method  of  keeping  the  valves  on  their  seat,  by  vertical  springs. 

The  same  remarks  we  made,  respecting  the  distribution  of  steam  in  the  circular-valve 
arrangement^  finds  equal  application  heru,  for  reason  that  the  form  of  the  cam-discs  producing  the 
valve- travels  has  remained  the  same,  and  the  arrangement  of  the  leverages  exercises  the  same 
effect  on  the  valve-motion. 

The  main  features  of  this  engine-type,  manifested  themselves  already  at  the  Vienna  Inter- 
national Exhibition,  where  Messrs.  Scheller  &  Berchtold  exhibited  an  Engine,  Thus,  the  peculiar 
method  of  driving  the  air-pump  in  combination  with  the  placing  of  the  condenser  under  the  slide- 
bars,  together  with  the  overhanging  cylinder,  are  noteworthy. 

The  principal  dimensions  of  the  Engine  are  as  follows:  Steam  cylinder,  15%  in.  (4W  mm.) 
diam.;  stroke  2  ft.  11 V^  in.  (900  mm.);  steam  supply-pipe  47^  in,  {110  mm.)  or  Via*^^  piston- area. 
Strictly  speaking,  no  exhaust-pipe  is  introduced,  but  the  spent  steam  is  allowed  to  pass  straight 
into  the  condenser;  this  steam -passage  is  7  in.  (180  mm.)  wide  by  2  in*  (50  mm.)  deep,  or  ^14^ 
piston-area.  As  the  double  acting  air-pump,  is  6%  in.  (170  mm.)  in  diam.  and  1  ft.  IP/ij  in. 
((>00  ram.)  in  stroke,  its  capacity  is  as  1 :  &3  to  that  of  the  steam-cylinder. 

The  connecting  rod,  5*/.^  times  as  long  as  the  crank,  is  constructed  in  the  marine-type 
fashion  at  its  strap-end.  The  air-pump  is  driven  by  double  crank  and  oscillating  lever,  the  upper 
arm  of  the  latter  driving  the  air-pump.  * 

ff.   The  Karolliienthal  Machine  Works  of  J.  C.  Bernard,  of  Pnigue. 

Type:   Carl  Smrczka. 

The  Karolinentbal  Machine  Works  of  J.  C.  Bernard  of  Prague,  constructs  Engines  with 
Flat-slide  gear  from  the  design  of  Carl  Smrczka,  the  cylinder  arrangement  of  which  we  illustrate 
in  different  views  and  sections  on  Plate  40.  According  to  Carl  Srarczka's  own  admission  he  bor- 
Itows  the  idea  of  utilising  steam- pressure  in  place  of  spring-pressure  from  the  Dautzenberg  valve- 
gear  shewn  at  the  Vienna  Exhibition;  still  he  claims  the  peculiar  arrangement  of  the  valve« 
to  bav6  been  first  used  by  the  Karolinenthaler  Machine  Works. 
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The  steerHshaft  is  placed  along  the  side  of  the  engine,  and  is  made  to  reyolve  at  equal 
speed  with  the  crank-shaft.  By  the  use  of  four  eccentrics  keyed  on  this  steer-shaft,  each  of  which 
work  a  valve,  the  travel  of  the  inlet-valves  is  rendered  independent  of  the  exhaust-valve.  All  the 
ports  are  made  grid-fashion,  and  are  each  \^lx^**  (30  mm.)  wide,  the  length  of  the  inlet  and  exhaust 
ports  being  respectively  S^s"  and  SVa''  (80  and  90  mm.). 

As  may  be  seen  from  the  annexed  Pigs.  244 — 246,  the  top  end  of  the  eccentrio-rod  B  ar- 
ticulates an  equal  armed  lever  kk^.  The  arm  k^  is  connected  by  means  of  a  short  link  e  with 
a  steel  piston  jt>,  which  slides  horizontally  in  a  bracket  T.  The  latter  is  also  connected  with  the 
dash-pot  piston  Q,  and  also  forms  the  carriage  for  the  lever  kk^. 


Fig.  S44. 


Fig.  245. 


Fig.  246. 

The  steel-piston  p  takes  up  the  thin  end  /  of  the  valve-spindle  /',  which  is  swelled  to  2  in. 
(50  mm.)  where  it  fits  in  the  valve-chest,  so  that  the  pressure  of  the  steam  may  have  a  constint 
tendency  of  forcing  the  valve-spindle  outwards.  The  magnitude  of  this  thrust  is  limited  by  ti» 
metal  dash-pot  piston  screwed  on  the  valve-spindle,  and  famished  with  a  felt-liner.  In  this  «x- 
treme  position  of  the  valvenspindle  /,  its  steel-catch  o,  arrives  behind  a  steel-bolt  nn^  which  vAA 
by  a  spring  in  the  chamber  s  can  move  parallel  to  the  valve-spindle.  When  the  eocentrio  B 
causes  the  piston  p  to  move  against  the  steam-pressure,  the  bolt  nn  imparts  the  same*  motioB  to 
the  valve-spindle,  and  as  a  consequence  the  valve  is  similarly  dravm  over  and  opens  the  inlet-parti> 
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jta  ehut-oflF  the  steam-supply  to  the  cylinder^  all  that  is  necessary,  is  to  thrust  the  bolt  nn  against 
lie  spring  pressure,  out  of  gear.  For  this  purpose,  an  adjustable  pin  r  is  screwed  into  the  bolt, 
fhich  while  taking  part  in  the  motion  of  the  piaton  p  and  of  the  bolt,  glides  over  a  steel-plate  tn. 
this  plate  is  divided  in  a  diagonal  direction j  in  a  higher  and  in  a  lower  contact  surface;  if  the 
liti  is  therefore  so  adjusted^  that  it  is  in  contact  with  the  lower  surface  during  engagement-pe- 
tlods,  it  becomes  forced,  under  continued  motion,  to  mount  on  the  higher  surface,  whereby  the 
lolt  nn  becomes  disengaged  from  the  catch  o.  The  steam-pressure  then  naturally  effects  the  im- 
jiediate  return  travel  of  the  valve-spindle,  the  air-piston  acting  as  a  cushion.  The  mounting  of 
lie  pin  on  to  the  elevated  surface  at  different  times  to  ensure  a  variable  expansion,  is  obtained 
^y  a  vertical  shifting  of  this  plate;  thus  with  rising  governor  balls,  a  sinking  of  the  plate  ensues, 

tid  an  earlier  cut-off  is  obtained,  and  vice  versa.  The  connection  of  the  governor  rod  M  by  the 
termediate  levers  R  11^  and  the  shaft  tc,  may  be  read  off  Fig,  244  and  Figs.  2, 4  and  7  (Plate  40). 
^igs*  7  and  8  of  the  same  Plate  shew  the  details  of  the  bolt,  pin  and  spring  on  an  enlarged 
fcale,  whereas  Fig,  9  gives  various  positions  of  the  governor-lever  with  corresponding  positions 
If  the  bolt  and  pin  for  certain  inscribed  piston-travels.  In  the  position  the  disengagement  plate 
m  represented,  cut-off  would  ensue  at  V^*^  stroke.  It  is  assumed  in  this  sketch  (Fig,  9)  that  the 
^let-valve  eccentric  is  keyed  70^  in  front  of  the  crank,  which  70*^  represent  the  angular  travel  of 
Ihe  eccentric  when  the  crank  is  on  its  dead-centre. 

As  the  connection  of  the  exhaust- valve  //  with  its  eccentric  A  by  means  of  the  crank- 
,l€ver  AA|  is  self-explanatory  in  our  Fig.  245,  we  may  pass  over  it  in  silence. 

The  cylinder  diameter  of  this  elegant  machine,  —  which  want  of  space  prevented  us  from 
drawing  complete,  —  is  16V2im(420  mm.)  with  SP/^in.  (800  mm.)  stroke;  the  cylinder  is  carried  on 
a  separate  cast-iron  base.  Steam  is  supplied  to  the  top  of  the  cylinder  in  the  ordinary  way  through 
|#  supply- pipe, of  SVb  in.  (80  mm.)  diam,  or  V-jt^  ^^  ^^^  piston-area.  The  spent  steam  escapes  at 
bach  Qtid  of  the  cylinder,  by  a  separate  outlet,  which  simultaneously  forms  the  valve-seating;  the 
jdiameter  of  these  outlets  are  4Vi6"  (110  mm.)  so  that  the  corresponding  cross-area  stands  in  the 
froportion  of  1:14'5  to  that  of  the  cylinder.  The  construction  of  the  piston  is  explained  by  Fig,  1 
(Of  our  Plate,  where  it  will  be  seen  mounted  on  a  piston-rod,  2%  in.  (60  ram.)  diam.  protruding 
iWirough  both  cylinder-covers.  Whereas  the  front  stuffing-box  is  made  mHrely  separate  from  the 
(Cylinder,  the  hind  stuffing-box  is  partlt^  cast  with  the  cylinder.  The  slide  bar  casting  is  bolted 
)^  the  protniding  flange  of  the  front  cylinder -cover;  the  crank-shaft  pedestal  forms  one  casting 
j^ith  the  slide-bar  casting.  The  connecting  rod,  of  6  crank-lengths  is  4  in.  (100  mm.)  at  its  centre. 
The  crank-shaft  diameter  is  6  in.  (150  mm.)  diam,;  its  bearing  is  10  in.  (250  mm.)  wide, 

A.   J.  &  Y.  Florlo  &  €0m  Fonderia  Oreta,  Palermo. 

Tjrpe:  W,  Theifl. 

At  the  Paris  International  Exhibition   of  1878 ,   a  prize   was   awarded   to   the  Horizontal 

^"giue  exhibited    by  Messrs.   J.  &  V.  Florio  &  Co.,   Engineers    of  Palermo,     It  is   this  machine 

^hioli  we  illustrate  on  Plate  41  by  Figs.  1—3,  with  the  detailed  Figs,  6  and  7  shewing  the  con- 

^^niction  of  the  grid-iron  valves.    The  four  valves  are  worked  by  two  eccentrics  in  such  a  maimer, 

^^^i  the  one  eccentric  gives  motion  to  the  two  inlet-valves,  whilst  the  other  is  made  to  work  the 

'Exhaust-valves,     By  this  arrangement,   the  same  effect  is  obtained  as  with  Srarczka's  Valve-gear, 

•^ce  by  keying  on  the  inlet-valve  eccentric  52^  30'  in  front  of  the  crank ,  variable  cut-offs  up  to 

^Aj^  stroke  are  attained.    The  reader  will  remember,  that  in  the  third  flat  valve  gear  of  Messrs. 

^Btaknieck  &  Koppner,  only  two  eccentrics  were  used;    alone  the  range  of  automatic  variable  ex- 

pWniion  lay  in  smaller  limits,  on  account  of  each  eccentric,  working  one  inlet  and  one  exhaust-valve. 

t  A  vertical  shaft  A  supported  in  two  bearings  is  arranged  at  the  side  of  the  cylinder  (vide 

- %r  i,  Plate  41);  a  lever  B  running  underneath  the  cylinder  is  fitted  to  its  lower  end.    The  other 
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end  of  this  lever  is  taken  up  by  a  straight  moving  rod,  which  is  in  its  turn  connected  to  a  short 
eccentric-rod  and  to  the  inlet  eccentric.    By  this  meclianisni  the  vertical  shaft  A  is  made  to  osi 
late,  which   oscillating  movement   is    transferred   to  a  peculiarly    formed   double   lever   C  (Fig. 
keyed  on  the  top  end    of  this  shaft.     This  double -lever  C  grips   alternately  with  each  oscillatiafl||| 
one  of  the  valve-spindles,    so  opening  one  of  the  inlet-valves;    thus  dming   one  entire  osoillatioD, 
corresponding   to  one  crank-revolution,   the  two  inlet  valves  are  moved.     We  have  shewn  one  o|« 
the  arms   of  this  lever  C  on  an   enlarged    scale   in  Fig,  5;    its  end   is  forked   and  gears  on  to  lP| 
trigger  plate  N  connected   by  link-work   to  the  inlet-valve-spindle  F.     When  nearing    the  end  of 
its  oscillating  stroke,  the   arm  C  approaches  one  of  the  valve- boxes,  the  trigger  A^  is  forced  into 
gear  against   a  steel  catch-plate  o  of  the  lever,   by  the  action    of  the  spring  S;   with   the  change 
of  oscillating  motion,  this  corresponding  valve-spindle  is  pulled  outwards  by  the  arm  C,    and  the 
port  is  thus  opened.    The  forked  end  of  the  lever  C  has  moreover  a  crank-lever  Rlii  attached  to 
it,  the  arm  Ri  of  which,    is  connected  with   the  governor   by  the  rod  Af^   whilst   it^  other  arm  B 
presses  at  different  times   against   the    trigger  M     According   as    the    crank  lever  MMi    assumes 
various  positions,  at  the  bidding  of  the  governor,  disengagement  between  N  and  o  ensues  sooner    [ 
or  later.     The  valves  are  closed    by  spring-pressure,   and  for  this  purpose  the  slide  has  a  second 
spindle  attached  to  a  dash-pot  piston  and  also  actuated  upon  by  these  springs.    During  tlie  slight 
travel  preceding  the  opening  of  the  valve^  the  latter  is  balanced  by  a  piston  placed  in  the  valve-boi 
cover,  and  which  is  connected  to  the  valve  by  a  steel-blade.     Equilibrium  thus  takes  place  wb 
a  smaller  pressure   is  exerted   on   the  external  area   of  the  piston,  than  exists   in   the  valve-bi 
This  pressuxe  varies  with  the  pressure  inside  the  corresponding  cylinder  cavity,  because,  as  Fig.  ! 
explains,  the  external  area  of  this  piston  is  in  free  communication  with  the  cylinder.  ii\  therefore,  one 
end  of  the  cylinder  is  in  communication  with  the  condenser,   the  corresponding  inlet  valve  is  1m^ 
lanced  when   it  begins  to  move;    but  the  valve  is  no  longer  balanced    as  soon  as  it  has  opew 
the  inrushing  steam  then  only  causing  it  to  partially  balance  itself. 

The  inlet-ports  are  %  in.  (10  mm.)  wide;  the  exhaust  ports  are  */a  in.  (12  mm.)  wide, 
travel  of  the  first  named  amounts  to  1  in*  (25  mm.),  the  stroke  of  the  latter  is  P/g  in.  (30 
and  the  eccentricity  of  the  inlet-eccentric  measures  Y4  in.  (20  ram.). 

In  Fig.  5,  we  have  drawn  some  of  the  positions  of  the  trip-gear  during   certain  ia^«aibe4 
stroke  portions. 

The  exhaust-valves  are  worked  in  a  similar  manner  to  the  inlet-valves,    inasmuch   i\ 
lever  B^^  placed  underneath   the  cylinder  is  also  attached   to   a  rod  which   gives   alternate 
to  the  exhaust- eccentric   and   to  the  eccentric  rod.     This  lever  is  fitted  loose  on  the  shaft  A; 
imparts  oscillating  motion  to  a  double  lever  rigidly  connected  with  the  exhaust-valve  spindles. 

The  12  IJF  Condensing  engine,  herewith  illustrated,  had  a  stroke  of  nearly  2  ft.  (600  mi 
and  with  a  cylinder-diameter  of  12  in.  (300 mm),  the  mean  piston  speed,  with  the  crank  running  at 
70  revolutions  per  min.  thus  calculates  itself  at  4  ft,  7  in.  (L4  m.)  per  sec.  The  wood -lagged 
steam  supply-pipe  is  '2*/ifl  in.  (60  mm.)  diam.,  or  Va*^  cf  the  piston  area,  the  exhaust  *  pipe,  a^ 
ranged  underneath  the  cylinder,  is  iVg  in*  (105  mm.)  diam.,  but  the  area  of  the  2  in  (50  mott 
injection-pipe  must  be  deducted  therefrom,  so  that  its  cross-section  is  only  Vio'*^  ^^^^  ^^  ^^^  pisloa 
The  engine-trunk  frame  is  of  novel  design,  owing  to  the  cranked  flywheel  shaft  being  placed  above  tkf 
condenser,  the  overlianging  cylinder  is  bolted  to  the  frame.  The  exhaust-pipe  is  bolted  by  a  eompenBatiii| 
joint- piece,  to  the  condenser,  for  reason  of  the  unequal  expansion  and  contraction  of  the  two. 

The  connecting  rod,   five  times   the  length  of  the  crank,    is  forked  at  its  butt-etid. 
crank-arms  are  each  counterweigh  ted  for  balancing  the  moving  parts.    The  two  eccentrics  and 
fly  wheel  9  ft.  10  in.  (3  m.)  diam.  are  mounted  on  one  side  of  the  crank-shaft  bearings  which  an 
4%   in.  (I'iO  mm.)  in  bore   and  6  in.  (150  mm.)  wide;     the  opposite  crank-shaft  carrier  the 
pulley  driving  the  pseudo-astatic  governor,  which  revolves  at  158  revolutions  per  min.  and  the  Ii^ 
pump  ia  also  worked  from  the  same  end  by  separate  crank-disc.     The  air-pump  is  single  actiift 
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fwith  a  plunger  of  iVI^  in.  (175  mm*)  diam  and  10  in  ('250  mm.)  stroke.  The  feed-pump  is  driven 
I  off  the  air-pump  plunger. 

The  shut- off  valve  is  of  the  grid-iron  form,  worked  by  a  small  hand-wheel. 

As  the  peculiar  form  of  the  engine  trunk-frame,  renders  the  cylinder-  stuffing  box  rather 
r inaccessible,  the  latter  may  he  tightened  up  by  an  external  hand -wheel,  though  this  is  an  ar- 
rangement, which  is  certainly  not  commendable.  * 


in  which  keys  rti 
communicates  with 


L   P.  Villette,  Engineer  of  Lille. 

We  have  only  been    able  to  secure  the  rough  sketches  shewn    by  our  Figs.  247    and  248 
16  Engine  exhibited  by  P.  Villette  at  Paris  in  1878. 

The  lay-shaft  A  has  two  key- ways,  diametrically   opposite  each  other, 
let  in;  these  keys  are  wedge-shaped  at  one  end,  whilst  the  other  extremity 
the   governor.      The   lay -shaft  also    carries  a 
disc  B  the  circumference  of  which  is  grooved, 
for  the  purpose  of  receiving  the  valve-spindle. 
I    This  disc  is  also  furnished  with  a  radially  ad- 
■justable  bolt  w,   which   on  the  one  side  rests 
■  on  the  key  r,  and  on  the  other  side  protrudes 
■more   or  less   into   the  groove    of  the  disc  i?j 
^the  spring  s  causes  the  bolt  to  follow  the  oscil- 
lations of  the  cam -rod.     With   a  certain  rota- 
tion    of    the    lay- shaft,   the    holt     n    catches 
against  the  collar  o   of  the  valve-spindle,    and 
forces  the  latter  to  move  against   the  spring- 
pressure  iS,  whereby  the  slide  G  allows  steam 
I   to  enter    into   the   cylinder.     As   soon  as  the 
Miolt  n  glides  oflF  the  spindle-collar,  the  contrary 

"spring -action  forces  the  valve  to  close.      The  exhaust -valve  //  is  also  driven 
^A,  b}*  means  of  the  fixed  cam  K  —  shewn  in  Fig.  248  —  which  articulates  a 
ii  of  which  is  connected  with  the  exhaust  valve-spindle. 


r 


L. 


Fig.  247. 


.  Fig.  248. 

from  the  lay -shaft 
double  lever  Z,  the 


;'.    Morltse  Kurtienbecker,  of  Sehweidnitz  (Sllesfa). 

The  very   simple  Automatic  Variable  Expansion  -  gear ,    patented  in   1878  by   Mr.  Kuchen- 
lecker,  C.  E.  of  Schweidnitz,   is  identical    in  principle  with   the  Valve- motion   shewn   in  Figs.  1 
[ftnd  2  (Plate  XXV),  merely  differing  from  the  latter^  in  the  construction  of  the  cylinder. 

We  may  point  to  the  special   advantage  enjoyed  by  this  valve -gear,    as  it  obtains  Auto- 

[znatic  Variable  Expansion,    between   the    wide   range    of  0.0  and  0,9  stroke,   notwithstanding  the 

[use  of  only  one  eccentric  for  each  pair  of  inlet  and  exhaust- valves.    Steam-pressure  is  utilised  for 

the  rapid  closing   of  the  valves,  and  also  characteristic,   is  the  use   of  only    one  link   lor  the  die- 

fagement  tackle. 

The  inlet  valve  spindle  centre-lines  are  inclined,  being  almost  in  line  with  the  centre  of 
[the  lay-shaft.  On  the  other  hand  the  axis  of  the  exhaust- valve  spindle  may  be  arranged  either 
lliori^ontally  or  otherwise.  The  lay- shaft  A  placed  at  the  side  of  the  cylinder,  and  revolving  at 
[equal  speed  with  the  crank-shaft,  has  two  eccentrics  6*6' keyed  on  it.  The  short  eccentric-rod  By 
forged  in  one  piece  with  half  the  strap,  articulates  a  lever  XZj,  whereby  the  articulating  centre 
[describes  a  circular-arc  roiLud  the  fixed  centre  of  the  lever.  Consequently,  the  edge  of  a  trip- 
1  catch  n  fastened  on  the  eccentric  strap,    will  approximately  move  on  an  elliptical  path,   and  trip 
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up  against  a  steel  cateh-plate  o  fastened  on  the  extremity  of  the  inlet  valve-spindle.  The  two 
catches  will  always  get  into  gear  at  the  same  spot  on  their  elliptical  travel,  hence  the  lineal  lead 
of  the  valve  will  always  remain  constant*  According  as  the  link  A'y  (connected  with  the  inlet- 
valve  spindle)  is  higher  or  low^er,  the  catch- plate  o  will  remain  longer  ur  shorter  in  gear  with 
the  catch  «,  so  forcing  the  inlet -valve  spindle  G  to  follow  the  eccentric  thrust  more  or 
less.  An  adjustable  short  link  P,  connects  the  arm  N  w^ith  a  c^ank- lever  RU^  w^hich  is 
placed  nnder  immediate  control  of  the  governor  by  the  rod  M,  The  moment  the  two  catches  n 
and  0  become  disengaged  from  each  other,  the  steam  pressiire  acting  on  the  cross-area  of  the  valve- 
spindle,   forces    the  latter  quickly  outw^arda,    whereby   the  inlet- ports   are  naturally  closed;   this 

movement  is  cushioned  by  the  dash-pot 
piston  0  fitted  on  the  valve-spiodle. 

The    exhaust    valve    is   worked 
from  the  other  arm  L^  which  is  fastened 
to  the  spindle  Fj  of  the  exhaust- valve  //. 
We  have  graphically  represented 
various  moments  of  disengagements,  an- 
swering to   certain  inscribed  piston  po- 
sitions  in   our   Fig.  249;   the    elliptical 
travel  of  the  edge   of  the  e^tch-plate  n 
is  clearly    shewn.     This  gear  posse 
the   additional  advantage,   that   i^ 
with  a  very    late  cut-off,    the  govemo 
should  fail  to  effect  disengagement^  the 
corresponding   port  would     not    remaiu 
opeu,  but  be  automatically  closed  towaxJ* 
the   end    of    the     succeedioj  ^ 
stroke.  We  may  conclude  froal 
this,  that  from  0.0  to  0.4,  tlif  J 
port    is    continually    4»peniqf] 
wider,  whereas  it  is  graduillf  J 
contracting    from  0.4    to  ftSf 
stroke.    We  should  arrin^  i^J 
this  same  conclusion,  wcrewtj 
to  suppose  the  eccentric  to  m 
moving  in  the  direction  of  tiij 
inscribed  arrow,   whereby   from  I  to  about  IV   the  valve  spindle  F  wonlij 
be  pushed  forward,  but  gradually  recede  from  IV  to  VI. 

The  indicator-diagram  drawn  in  our  Fig.  250,  under  60  Ib^.  jin> 
shews   the  exact  shutting  off  of  the  steam^   but  displays  too  great  a  b^^^ 
pressure  from  the  condenser.     Fig.  251    gives  various  diagrams  under  dif  j 
ferent  engine-loads. 
The  engine  cylinder  has  a  diam,  of  VP/^  in.  (320  mm.)  and  27 Vj  in.  (700  mm.)  stroke  AHJ 
the  valves   are   of  the  grid-type.     The   width   of   the   four   inlet   port  •  openings   is   ea^b  '/tS?* 
(10  mm.};  their  length  4*/4  in,  (120mm.):  the  three  exhaust  port-openings  are  each  */«^  in.  (Ifimni)! 
wide  and  4*,,,  in.  (120  mm.)  length.     The  exhaust- pipe  placed  underneath  the  cylinder  is  SVf  i^J 
(80  mm,)  diameter,  or  Vj^th  the  pistons-area^  whereas  the  diameter  of  each  supply-passage  isJVi* 
(90  ram.)  or  Viti  the  area  of  the  piston. 

The  valve-seatings    and    valve-chests    are    made   in    one    casting,    to    facilitate    *^'»'^^ 
repairs. 
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k.   Call,  Halot  &  Co.,  Engineers  of  Briusels. 

This  Bngmeering  Firm  was  represented  at  the  Paris  International  Exhibition  of  1878,  by 
one  of  their  60  3F  Engines,  the  cylinder  portion  of  which  we  represent  in  different  views 
on  OUT  Plate  XXVI. 

The  lay-shaft  is  here  arranged  at  the  side  of  the  cylinder,  and  carried  in  two  bearings. 
It  ifl  driven  by  a  pair  of  equal  bevel  wheels  off  the  orank-shaft.  Fig.  8  shews  the  arrangement 
of  the  inlet-valve.  The  earn  C  revolving  with  the  lay-shaft  works  a  slide-block  E  —  Fig.  5  — 
g^ded  by  the  rail  J.  The  latter  oscillates  round  the  axis  Bj  and  as  a  pin  n  is  let  in  the  head 
D  of  the  valve -spindle,  it  causes  its  upper  end  to  transfer  the  motion  of  the  cam  C  on  to  the 
ii^Iet^valve  G.  The  return  of  the  latter,  with  which  expansion  begins,  takes  place  when  the  cam 
glides  off  the  slide-block  £.  As  may  be  inferred,  to  effect  variable  expansion,  the  latter  has 
merely  to  slide  in  its  guide  rail  J;  this  is  done  through  the  governor,  off  the  expansion -rod  R, 
The  quick  return  of  the  valve  ensues  through  steam-pressure,  the  buffer  piston  0  acting  for 
cnsliiomiig  purposes.  Should  the  stuffing  boxes  have  been  too  tightly  packed,  the  springs  S  work- 
i|)g  on  the  valve-spindles,  effect  their  return-motion. 

The  exhaust  valves  H  are  also  worked  from  the  lay-shaft  A.  Their  outer  end  has  a  crank 
A''  (Figs.  2  and  4)  which  causes  the  spindle  tr  to  oscillate  owing  to  the  intermediate  link  L  and 
lever  Fl  The  lever  X,  fitted  on  the  lower  end  of  the  spindle  u»,  is  connected  with  the  exhaust 
y^lve  rods  by  two  guide  links  Y,  As  each  of  these  valves  is  only  required  to  work  during  each 
sifoke,  —  i.  e.  only  during  half  its  oscillation  —  they  have  to  be  arranged  unsymmetrically  to 
e»ch  other. 


Fifffl.  SftO  and  S51. 


This  "American"  engine  has  a  cylinder  diameter  of  15''4  in.  (400  mm.)  and  a  stroke  of 
38y,  in.  (980  mm).  The  steam  is  admitted  sideways  into  the  cylinder -jacket.  The  engine  trunk- 
frame  is  cast  hollow  in  one  piece  with  the  crank-shaft  pedestal.  The  crank -shaft  bearings  are 
6%**  (170  mm.)  bore  and  IOV2  in.  (270  mm)  wide;  they  are  arranged  in  three  parts. 

The  connecting  rod,  nearly  five  times  as  long  as  the  wrought-iron  crank  is  forked  at 
its  butt-end,  and  has  an  open  strap-end.  The  diameter  of  the  flywheel  is  12  ft.  9  V*  in.  (3900  mm.), 
and  I2V4  ^  (325  mm.;  on  the  face. 

L    Artlge  &  Co.,  Engineers  of  Paris. 

The  Engine  exhibited  by  Messrs.  Artige  &  Co.,  at  the  Paris  International  Exhibition 
of  1878,  is  drawn  on  our  Plate  42. 

The  characteristic  feature  of  this  construction,  consists  in  the  arrangement  of  the  valves 
in  the  cylinder-covers,  so  as  to  reduce  the  clearance  spaces  to  a  minimum.  But  as  the  exhaust- 
V'^ves  are  obliged  to  be  placed  inside  the  cylinder,  so  necessitating  larger  clearance-spaces,  the 
piston  has  lugs  cast  on  each  side,  which  coincide  exactly  with  the  openings  of  the  exhaust-valves. 
'^^  four  valves  receive  their  motion  from  the  lay-shaft  A  which  revolves  at  equal  speed  with 
the  crankHshaft.  The  shaft  has  a  cast-iron  sleeve  ft,  on  which  the  exhaust- valve  eccentrics  CC^ 
•*^  keyed.  The  inlet-valves  are  worked  by  cams  BB^  which  though  rotating  with  the  shaft, 
possess  an  axial  sliding  motion  brought   about  by  a  cotter  passing  through  a  slot  in  the  sleeve 
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and  let  into  the  spindle  a.  If  during  the  rotation,  the  spindle  a  follows  an  axial  thmst,  then  iMs 
horizontal  motion  is  also  transferred  to  the  cams.  The  latter  are  of  the  usual  shape,  so  as  to 
effect  variable  cut-offs  with  horizontal  travels.  The  governor  brings  about  this  longitudinal  sliding, 
inasmuch  as  its  collar  is  connected  with  a  disc  i2,  which  it  causes  to  oscillate.  The  horizontal 
travel  of  this  disc,  is  utilised  for  shifting  the  spindle  a. 

The  valve-spindles  pass  out  of  the  valve -chests  without  stuffing-box  appendage,  through 
a  long  sleeve.  A  steam-tight  packing  is  secured  by  a  number  of  elastic  rings,  placed  in  circular 
grooves  in  the  swelled  portion  of  the  valve-spindles.  The  valve- spindles  JJi  are  each  furnished 
with  a  roller,  which  under  the  action  of  a  small  spiral  spring  and  of  the  steam -pressure  is  con- 
stantly pressed  against  the  cams.  On  account  of  the  two  inlet -valve  spindles  at  each  cylinder- 
end  being  in  a  vertical  plane,  a  small  intermediate  rod  had  to  be  arranged  between  the  eocentrio- 
rod  D  and  the  exhaust -valve  spindle  F;  this  intermediate  rod,  carries  two  lever  arms  E  one  of 
which  drives  the  eccentric-rod,  whilst  the  other  works  the  valve  spindle. 

Cutting-off  at  Vio^  stroke,  and  with  a  steam- pressure  of  75  lbs.  the  Engine  is  said  to 
develope  40  HP.  Its  cylinder-diameter  is  I7V4  in.  (440  mm.)  and  its  stroke  34  in.  (860  mm.);  the 
mean  piston-speed ,  with  crank  running  at  50  revolutions  per  min.  calculates  itself  at  4  ft.  8  in. 
(1.43  m.)  per  sec.  The  steam  is  supplied  from  the  cylinder-side  into  the  steam-jacket,  whence  it 
passes  direct  into  the  valve-chest  is  shewn  in  Fig.  8  in  section. 

The  air-pump  is  arranged  under  the  floor-line  behind  the  cylinder,,  and  it  is  driven  from 
the  cross-head  pin  by  link  and  lever.  The  pipe  leading  to  the  condenser  is  fitted  with  a  two- 
way  cock  for  allowing  the  spent  steam  to  rush  into  the  atmosphere  when  the  engine  is  not  work- 
ing on  the  condensing  principle.  The  feed  pump  is  arranged  on  a  separate  bed  and  is  driven  off 
the  crank-shaft  by  an  eccentric. 

The  modern  idea  of  overhanging  cylinder  is  not  introduced  in  this  constructive  example, 
as  the  cylinder  is  made  to  rest  on  the  engine  bed.  The  guide-bars  form] a  cylindrical  casting, 
also  carried  by  the  engine  bed. 
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C.    Engines  working  with  Lift-  or  Beat-valves. 


I.  Valve-gears  arranged  withoat  Trip-gears. 

1.   Engines,  fitted  with   simple  Lift- valves,  working  without  Expansion-gears. 


a. 


The  Wllhelmshfttte  Machine  and  Iron -Foundry  Co.  Llm.  near  Sprottau. 

In  their  original  arrangement,  beat-valve  gears  belonged  exclusively  to  the  Mining  In- 
dnstries;  for  it  was  with  the  slow  rmming  Winding  and  Pumping  Engines  that  lift- valves  were 
first  substituted  in  place  of  the  then  used  Newcomen  cocks.  It  was  reserved  to  a  later  generation 
of  Engineers,  to  generalise  the  adaptation  of  beat-valve-gears  to  Steam-motors  in  general.  It  would 
carry  us  too  far,  were  we  to  attempt  to  describe  the  primitive  winding  and  pumping  engine  ar- 
rangements, which  in  many  cases  were  constructed  by  the  miners  themselves.  But  in  order  to  fa- 
cilitate the  study  of  our  modem  lift  valve-geared  Engines,  we  have  included  the  latest  beat  valve- 


t^g.  ««. 


K^^rs,  belonging  to  the  simpler  class  »|^| 
of  machines  simultaneously  paying  ^  \ 
special  regard  to  Winding  and  Blow-  ^ 

"^  Engines. 

A  chief  characteristic  of 
double-acting  lift  valve-geared  En- 
P^®8,  consists  in  the  distribution  of 
*®  steam  to  the  cylinder  being  ne- 
^^arily  accomplished  by  four  se- 
P*^te  valves.  Naturally  the  arrange- 
^^t  of  the  latter  may  be  modified 
^  ^  great  a  number  of  ways,  as  the  Corliss  or  Slide-valve  gears  permit.  The  old  types  disposes 
P*  the  four  valves  and  of  the  shut-oflF  valve,  in  battery-order  at  the  side  of  the  horizontal  cylinder; 
^  the  more   modem  arrangement   the  Corliss  principle   has   been   imitated,   and   accordingly  the 


Fig.  t59. 


inlet-valves  are  arranged  on  the  top-side,  whilst  the  exhaust-valves  are  placed  at  the  bottom  side 
of  the  cylinder.  Nevertheless  steam-engines  of  this  class,  may  be  found  working  with  all  the 
valves  arranged  either  above  or  below  the  cylinder. 

Engines,  coupled  in  pairs,  with  the  cranks  set  at  right  angles  to  each  other,  have  been 
mostly  used  for  modem  Winding- engines,  in  order  to  overcome  all  difficulty  in  starting  at  any 
position  of  the  crank.  It  is  perhaps  superfluous  to  observe,  that  all  Winding-engines  should  be 
fitted  with  a  reversing-gear,  enabling  the  Engine  to  be  reversed  at  will,  according  to  the  ascent 
or  descent  of  the  cages. 

It  is  one  of  these  simple  Winding-engine  valve-gears,  which  we  represent  in  our  Figs.  252 
and  253,  and  which  is  constructed  by  the  Wilhelmshiitte  Machine  and  Iron -Foundry  Go.  near 
Sprottau. 

At  the  side  of  the  cylinder  five  valves  are  arranged,  the  central  one  of  which  is  the  stop- 
valve  V  regulated  by  hand;  the  two  adjacent  valves  GO^  are  the  inlet-valves,  whereas  the  outer 
pair  HHx  are  the  exhaust  valves.  Owing  to  all  the  four  valves  being  worked  from  one  eccentric, 
the  latter  is  set  at  an  angle  of  90®  to  the  crank. 

The  stem  F  of  each  valve  is  worked  &om  a  lever  L  or  L^  according  as  these  stems  refer 
to  the  inlet  or  exhaust  valves.  The  valve-stems  are  lifted  by  tappets  o  o,  fitted  on  a  spindle  w  placed 
between  the  valves.  As  these  tappets  are  symmetrically  arranged  in  regard  to  the  spindle,  tiie  rocking 
or  oscillating  motion  of  the  spindle  causes  the  valves  to  be  alternately  lifted  off  ilieir  seatings.  The 
two  spindles  w^  work  with  equal  angles  of  oscillation,  since  their  levers  KK  are  each  connected 
together  by  a  rodZ>.  One  end  of  the  connecting  rod  C  can  be  adjusted  or  linked  up  in  the  sweep  A. 
The  latter  swivels  on  a  centre-pin,  and  is  worked  from  an  eccentric-rod  B.  The  reversing  of  tiie 
engine  is  effected,  by  removing  the  slide-block  of  the  connecting-rod  C  from  one  end  of  the  link 
A  to  the  other;  whereas  the  regulating  of  the  engine-speed  is  effected  by  the  throttle-valve.  Steam 
is  supplied  to  the  cylinder,  during  almost  the  entire  stroke,  without  expansion  or  compression,  and 
for  this  reason  the  total  expansion  of  the  steam-volume  due  to  the  clearance  space,  may  be  looked 
upon  as  a  loss.  These  Winding,  engines  are  therefore  mostly  confined  to  Collieries,  wbere  eco- 
nomy in  the  consumption  of  fuel  is  of  little  moment. 

h.   American  Blowing  Engines. 

With  the  increasing  sizes  of  blast  furnaces,  and  the  more  extensive  use  of  compressed  air 
for  mining  machinery  and  underground  ventilation,  the  construction  of  large  Blowing  Engines  is 
acquiring  more  and  more  importance.  The  annexed  illustration  —  Fig.  254  —  representing  a 
Blowing  Engine  constructed  by  the  J.  P*  Morris  Company  of  Philadelphia  offers  a  veiy  fair 
example  of  the  modem  advance  made  in  this  mechanical  speciality,  as  the  following  descriptioo 
shews : 

It  was  sought  in  the  design  of  this  engine,  to  maintain  the  whole  arrangement,  in  as  com- 
pact a  space  as  possible,  without  in  any  way  sacrificing  easy  accessibility  to  all  the  engine*parti. 
Great  care  was  paid  to  the  due  proportioning  of  all  the  mechanical  details,  so  t|iat  the  Blowing 
engine  should  perform  the  work  allotted  to  it  in  a  satisfactory  manner:  thus  though  the  engine  wai 
to  work  at  a  regular  pressure  of  10  lbs.  per  sq.  in.,  it  was  built  strong  enough  to  throw  off  ISVtU'^ 
pressure  to  the  square  inch.  If  we  bear  in  mind,  that  at  the  beginning  of  the  present  decade,  tk 
largest  Blowing  engine  in  the  world,  only  supplied  blast  at  a  pressure  of  4  lbs.  per  sq.  in.  to 
four  furnaces,  we  note  the  advance  which  has  been  made  in  the  last  ten  years  in  rainng  Uist 
pressures. 

The  highest  blast  pressures  are  those  carried  in  the  anthracite  furnaces,  some  of  the  Isip 
ones  in  America  being  blown  at  ten  lbs ,  and  though  opinion  varies  as  to  the  best  pxessim 
certain  it  is  that  very  high  pillars  of  blast,  cause  great  and  irregular  strains  on  the  engine,  kenoe 
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tile  tuchiBe  herewith 
illustrated  is,  that  its 
arr  nt   of  parts 

otli  ^  ut  stability, 
in  spite  of  its  extreme 
height  when  compared 
to  its  base.  These 
Blowing  engines  may 
be  said  to  consist,  of 
a  steam-cylinder  over 
which  the  air-cylinder 
is  placed;  the  latter 
is  carried  on  four 
strong  iron  *  pillars, 
which  constitnte  the 
machine-  frame*  The 
steam  piston  workK 
a  eroS8*beam,  the  ex- 
tremities of  which  run 
in  slides,  and  the  piston 
of  the  air -cylinder  is 
similarly  attached  to 
this  cross-beam.  The 
cross-beam  ends  are 
made  to  form  the 
cross -heads  of  two 
connecting  rod 8,  which 
heing  attached  to  two 
crank-discs  belonging 
to  the  fly-whccls  shewn 
in  our  illustration,  give 
fnation  t-^  fl.rge  fly- 
wheels. 

The  8team-inlet 
in  the  cylinder,  is  ef. 
fected  by  lift  valves 
—  see  Fig.  255  —  of 
theWannieck  pattern, 
and  the  air-inlet  valves 
are  of  leather  covered 
with  sheet-iron.  The 
air -piston  is  packed 
with  metal  or  wood, 
at  the  option  of  the 
purchaser.  Tlie  valve 
motion  is  obtained 
from  a  regulator-shaft 
driven  by  bevel,  from 


the  main  shaft.  Two  eccentric  discs  mounted  on  this  regulator  shaft,  are  placed  in  contact  with 
the  valve-spindles  and  cause  the  latter  to  rise  and  fall,  according  to  the  revolutions  of  the  regu- 
lator-shafts, thus  giving  travel  to  the  valve.  The  naves  of  the  flywheels  —  which  are  carefully  ba- 
lanced^ —  form  the  frirementioned  crank-discs,  and  the  flywheels  weigh  approximately  18  tons.  The 
shafts  are  made  of  wTought  iron,  and  the  cross-heads  are  furnished  with  hall-joints  for  the  connectiiig 
rod,  so  that  the  latter  adjusts  itself  automatically  to  any  wear  and  tear  of  the  main-shaft. 
The  chief  dimensions  of  these  Blowing  engines  are  as  follows: 

Air-cylinder  diameter  =  7  ft.  6  in.:  ditto  stroke  7  ft.  Steam  c>^linder  diam.:  4  ft  2  in.: 
ditto  stroke  7  ft.  Two  fl)^heola  each  24  ft.  diam.  Foundation  plate  13  X  8  ft.  Extreme  height 
36^/a  ft.  Capacity  10,000  cub.  ft.  air  per  minute^  Stone-foundation  10  ft.  depth,  which  also  can'ies 
a  light  staircasing  round  the  Blowing  engine. 

On  Plate  43,  Figs.  18 — 22  w^e  have  drawn  two  valve-gears,  which  are  largel}^  employed 
in  America.  Figs.  18—20  show  the  construction  adopted  by  Mr.  John  Fritz,  who  has  had  much 
practical  experience  in  the  building   of  Horizontal  and  Vertical  Blovdng- engines.     The  horizontal 

arrangement  has  been  fuund  the  cheaper  of  the  two,  and  is 
also  more  manageable,  hence  we  confine  ourselves  to  the  Ho- 
rizontal type  as  applied  to  a  Compound  Blowing-engine.  The 
gear-shaft  runs  over  the  two  cyliiiders,  and  is  driven  by  two 
pairs  of  bevel-wheels  and  by  a  vertical  shaft  The  blowing- 
cylinder  ia  placed  between  the  connecting  rod  and  the  cross- 
liead  (common  to  the  three  pistons),  so  that  the  gear-shaft 
is  also  above  the  cylinder,  whereas  two  connecting  rods,  ar- 
ranged at  each  side  of  the  latter,  connects  the  cro8£i-head 
with  the  two  cranks.  All  the  eight  valves  are  worked  alike 
off  cams  keyed  on  the  gear-shaft,  by  means  of  double  levers. 
The  cut-off  in  both  cylinders  is  constant,  corresponding  to  a 
fourfold  expansion. 
/^^^^\  J  ^^^^^  ^^^  \li^   and    low   pressure  cylinders  are  of  30*/|,in. 

^^^V  \^  -^^Bti     (765  mm.),  and  54  in.  (1371  ram.)  bore  respectively  mth  a  6  ft, 

■■^^/^ ;     I  ^^^^^^^/     ^  ^"'  (2032  mm.)  stroke;  the  blast  pressure  is  quoted  at  10  lbs. 

(1^7  atm.).    Working  at  3%  atm,  boiler  pressure,  the  Engine 
runs  at  20  revs,  per  min. 

A  valve-gear  largely  used  by  several  American  Ma- 
chinists,   is  that  known  as   the  "Mississippi -gear'*  which   we 
illnstratc    by   Figs.   19—22    (Plate  43).     Two   eccentrics  arc 
here  used,  one   of   which   works   the    inlet,  whilst  the  other  drives  the  outlet-valves;  both  valve- 
sets  aro  placed  on  the  cylinder  top.     Each  valve-spindle  is  connected   to  a  lever,   the  outer  ends 
of  which  coming  in  contact  with  an  oscillating  tappet,  are  raised  and  lowered  —  vide  Fig.  21  — . 
Each  pair  of  tappets  —  dianu^ti-ically  opposed  to  each  other  —  effects  the  admission  or  exhaust 
of  the  steam  as  the  case  may  be,  and  they  are  thus  either  mounted  on  a  shaft  or  on  a  aleev 
the  latter,    which  shaft  or  sleeve  is  connected  by  links  to  the  external  oscillating   levers  sh^v-.. 
in  our  elevation-sketch;  tliis  lever  is  worked  off  the  eccentric. 

The  diameter  of  the  steam-cylinder  shewn,  is  3  ft  6  in.  (1067  mm.);  the  blowing-cylinder 
diameter  is  4  ft.  6  in.  (1372  ram.),  and  as  it  is  \vorked  by  the  prolonged  steam- piston-rod,  tli<! 
stroke  of  the  two  cylinders  is  equal  to  5  ft..  (1524  mm.).  This  Engine,  which  is  delivering  bU** 
to  a  Besdomer  plant,  runs  at  40  revolutions  per  minute,  so  that  its  mean  piston  speed  calcttlat^ 
itself  at  the  slow  speed  of  400  ft.  per  min. 

Whilst  on  this  topic  of  air-driving  machines,  we  may  be  allowed  to  digress  somewhat,  bf 
alluding  to  the  fact  tluit   no  satisfactory    reason  can  be  given  why,   as  far   as  wear  and  t«w  '^ 
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regularity  of  action  are  concerned,  air-driving  machinery  should  not  be  equally  adyantageously 
worked  at  the  same  speeds  as  the  ordinary  Steam-engine,  where  500,  600  and  even  1000  feet  per 
min.  is  nothing  unusual.  On  the  other  hand,  air-compressing  machinery  is  seldom  run  at  greater 
speeds  than  150  ft.  whilst  the  piston  speeds  of  the  two  last  mentioned  Blowing  -  engine  arrange- 
ments  are  respectively  267  ft  and  400  ft.  per  min. 

This  slow  piston  speed  is  in  a  great  measure  due  to  the  defective  construction  of  the  inlet 
valves  of  air  compressors,  inasmuch  as  the  opening  of  these  valves  is  more  or  less  dependent  on 
the  yacuum  formed  in  these  air-cylinders;  thus,  if  the  air  piston  moves  too  rapidly,  only  an  im- 
perfect vacuumi  is  formed  in  the  air-cylinder,  which  causes  the  working  of  the  inlet  valves  to  work 
very  irregularly  and  as  a  further  consequence  each  piston  stroke  does  not  throw  off  its  full  effect, 
inasmuch  as  the  full  quantity  of  air  cannot  enter  into  the  air-cylinder,  and  be  utilised.  The 
lengthening  of  strokes  and  enlargening  of  the  air-cylinder  diameter  necessitates  larger  constructions,  more 
metal  and  workmanship,  consequently  entails  a  heavier  prime  cost.  A  marked  advance  upon  previous  Air- 
compressing  machinery,  which  has  resulted  in  the  construction  shewn  by  our  Figs.  218  and  219*)  and 
which  like  the  last  arrangement,  is  equally  adapted  to  Bessemer  Blowing  purposes,  is  Mr.  Sturgeon's 
application  of  air-cylinder  stuffing-box  inlet-valves,  which  are  opened  and  closed,  absolutely  and 
mechanically  by  the  piston-rod,  without  their  being  dependent  on  any  vacuum  formed  in  the  cy- 
linder. This  arrangement  has  already  become  so  generally  known  by  the  various  reviews  con- 
tributed by  the  writer  of  these  lines  to  the  leading  English  Engineering  journals,  that  it  does  not 
appear  necessary  to  reproduce  these,  except  in  the  following  details: 

As  we  have  said  before,  the  chief  innovation  in  Mr.  Sturgeon's  Air-compressor  is  in  the 
construction  of  his  valves,  and  to  explain  their  action,  we  must  refer  the  reader  to  Fig.  256,  showing 
the  cover  of  the  air -cylinder  in  section.  By 
describing  one  of  these  covers,  both  are  ex- 
plained, inasmuch  as  the  two  covers  are  na- 
turally similar  to  each  other,  in  every  respect. 
The  air  enters  through  the  centre  of  the  cover, 
its  passage  i  being  regulated  by  the  frictional 
gland  h  round  the  cylinder  piston.  By  the 
motion  of  the  latter,  this  gland  is  carried 
forward  and  backward,  at  one  movement, 
opening  the  inlet  valve  to  its  full  extent,  whilst 
with  the  return  stroke  the  valve  becomes 
closed  by  being  immediately  pushed  up  to  its 
seating  by  the  return  motion  of  the  piston. 
The  travel  of  this  valve  is  further  regulated 
by  the  stop,  t  clearly  shown  in  Fig.  256. 

The  advantages    that   are  claimed  for 
this  construction  of  valve  are:  that  the  opening 
of  the   inlet  valve   is  totally   independent  of 
die  vacuum  formed  in  the  air- cylinder,   inas- 
much as  they  solely  owe  their  action  to  the 
driven  piston,  which  can  be  relied  upon,  either 
with  slow  or  high  speeds:  secondly,  the  com- 
pressed air  left  in  the  clearance  space  and  the 
Talve  passages    at   each   end    of   the    stroke, 
which  in  other  types  of  engines  of  this  sort,  proves  a  direct  loss  of  power  to  the  machine,  is  in 
^h^  present  instance   turned    to   advantage,   inasmuch    as   it   prevents   the    valve    opening    until 
*)  lee  pg.  164  and  165. 
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the  commencement  of  each  stroke,  and  until  the  piston  has  travelled  far  enough  to  reduci 
the  pressure  inside,  equal  to  the  atmospheric  pressure  outside,  thus  giving  time  for  the  delivo^^ 
valve  to  close  before  the  inlet  valve  opens.  The  setting  of  the  crank  pin  is  further  so  arrang«^ 
that  when  the  inlet  valve  comes  close  on  its  seating,  the  res|*ective  crank  is  almost  on  its  centre, 
and  consequently  the  motion  of  the  piston  at  its  slowest;  this  arrangement  enables  the  piston  to 
run  at  a  liigh  sjieed  without  injury  heing  done  to  the  seatings,  as  the  valve  is  thus  brought  gently 
to  its  facings  without  violent  concussions. 

The  outlet  or  delivery  valves  are  shown  at  j  in  Fig.  256 ;  they  are  placed  opposite  the  di- 
rection Iff  the  piston  and  distributed  over  the  inner  surface  of  the  cylinder  cover.  These  valves  are 
hild  close  on  their  seatings  by  a  spring  thrusting  outwards,  and  they  stand  in  direct  communication 
with  the  fore-mentioned  receiver  ^  —  see  Figs.  218  and  219 — by  the  air  passages  ^ggg^  As  the  air 
becomes  compressed  in  the  cylinder,  so  this  pressure  is  transmitted  to  the  outer  surtaoe  of  th^ 
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delivery  valves;  as  soon  as  this  outside  pressure  is  greater  than  the  hack  pressure  on  the  valves* 
they  open  and  allow  the  air  (compressed  in  the  cylinder)  to  pass  through  the  valve  openings  W 
the  air  passages  ^r^,  into  the  receiver  i,  to  be  there  stored  according  as  it  is  required.  The  Uci 
pressure  on  these  "delivery  valves''  is  no  doubt  the  '*bete  noire''  of  the  whole  invention,  bol  ^ 
their  favour  it  may  be  said  that  they  are  formed  in  the  best  conceivable  manner  under  the  cfl' 
cumstances,  to  reduce  the  friction  of  the  air  passing  through.  For  repairing  or  cleaning  they  aa 
be  taken  out  without  unloosing  any  fast  joints.  ^^ 

With  regard  to  the  diagrams,  which  we  here  reproduce  in  Figs,  257 — 266  tliey  were ' 
by  a  Richard's  indicator,    and,   with  the  reference  already  appended  to  each,    the  explanalioBli 
OBO  will  render  the  rest  sufficiently  clear  to  prove  that,  with  the  various  speeds,   the  oompr 
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lines  very  nearly  coinoide  with  each  other,  thereby  showing  that  each  stroke  of  the  piston 
of  the  air-Gompressor  performs  its  full  amount  of  work  quite  independently  of  the  high  or  low 
speed  at  which  the  machine  may  be  working.  Taking  Fig.  262,  a  to  &  is  the  inlet  or  admission 
line,  the  atmospheric  line  being  shown  hy  b  c;  the  compression  line  is  represented  from  b  to  d, 
and  the  delivery  line  from  d  to  e.  The  commencement  of  the  return  stroke,  where  the  air  left  in 
the  dearance  space  is  being  expanded  back  again  to  its  original  pressure,  to  the  opening  of  the 
inlet  valve  is  shown  from  e  back  to  a.  The  amount  of  expansion  caused  by  the  heating  of  the 
compressed  air  and  consequent  loss  of  power  may  be  estimated  from  Fig.  261  by  the  difference 
between  the  dotted  line,  which  represents  the  theoretical  compression  curve,  and  the  actual  com- 
pression line  shown  in  full.  Strictly  speaking,  the  actual  loss  of  power  is  less  than  this  difference 
shows,  inasmuch  as  some  of  the  heat  evolved  is  taken  up  by  the  water,  with  which  the  boiler  is 
subsequently  fed. 


2.    Engines  fitted  with  simple  Lift-valves  working  with  Expansion-gear. 

A.  Controlled  by  hand. 

a.    Tke  ^COlnlsehe  Hasehlnenban-Aetlen-Oeseilscliaft"",  Bayenthal  near  Cologne  o/B. 

The  drawings  Figs.  1 — i  (Plate  XXVH)  of  the  Lift-valve  gear  constructed  by  the  Cologne 
Ufachine-works  Co.  Lim.  of  Bayenthal,  shew,  that  following  the  example  of  the  Wilhelmshutte, 
the  valves  are  again  arranged  in  a  row.  The  middle  is  taken  up  by  a  throttle  valve  V  placed 
under  governor  control;  next  follow  the  inlet- valves,  G  6r,  and  the  exhaust-valves  HHx  are  placed 
outside  the  latter.    The  external  valve  gear  differs,  however  from  the  Wilhelmshlitte  type. 

The  lay-shaft  A   is  placed  parallel  to  the  piston,   and  driven  by  bevel-gear  off  the  crank 

shaft.     Cams  /  keyed  on  a  sleeve   of  this   lay -shaft,   effect  the  lift  and  fall  of  the  valves,   by 

crank-levers  LL^^  —  Fig.  2  —  having  their  short  arms  L  fitting   in  slots  of  the  valve  spindles 

jF,  whilst  their  longer  arm  extremities  L^  furnished  with  small  rollers,  glide  on  the  cam-surfaces. 

The   packing     preventing  the   easy    fall    of  the   valve   spindle   the   spindles    are   each   weighted 

at    their    top   ends,    by    weights   P,       The   peculiar  design   of   the   cams    is   shewn   in  Fig.   4. 

As    this  Engine  works   under  fixed    expansion    only   rendered  variable   by  hand,   the   inlet  valves 

have  each  several  cams  D  which  may  singly  be  brought  into  gear  at  different  times  at  the  will 

of  the  engine-tenter.     The  gliding   of  the  roller  on  to  the  cams  corresponding  to  the  opening  of 

the  valve,  always  takes  place  at  one  and  the  same  position  (y)  of  the  crank.    The  line  X  denotes 

the  dead-centre  of  the  crank,  consequently   the  angle  included  between  these  two  lines  X  and   Y 

is  the  lead-angle.    According  to  the  desired  degree  of  expansion,  the  roller  may  be  made  to  glide 

off  its  cam    at  V4^,  '/g*^,  V27   or  ^/^   of  the  piston-stroke.     Both   sets   of  cams    are   connected 

together  by  a  sleeve,   so  that  the  sliding  into  gear   of  the  different  cams  on  the  shaft  -4  may  be 

effected  by  the  hand  lever  shewn. 

The  cam-discs  KK^  working  the  exhaust- valves  are  keyed  direct  on  the  lay- shaft  -4,  and 
when  the  inlet  cams  are  set  to  work,  their  sleeve  is  rendered  immoveable  by  a  set-screw. 

b.  Frledrich  Wlihelmshfttte,  Halhelm  on  the  Bohr. 

c.  F.  W.  KSttgen,  Engineer  of  Barmen. 

Type:  Schlink. 

j  As  the  Winding- engine  Valve-gear  constructed  by  the  Friedrich  Wilhelmshlitte  of  Millheim, 

I      ^  exactly  the  same,   as  the  one  adopted   by  F.  W.  KCttgen  of  Barmen,  we  shall   discuss  these 
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two  undt^r  ona  heading.      The  Figs.  5  and  6  (Plate  XXVII)    refer   to  the  first  named,    whilst  the 
annexed  woodcuts  Figs  267   and  268  belong  to  Mr.  Kiittgen's  arrangement.    We  observe  the  same 
arrangement   as  before  in    the  placing   of  the  valves.      A  very    simple  raechanism   admits    of  the 
steam    being   cut-off  at   diflerent   stroke   portions,   and   the    reversing    gear  is  also    very    simpl^^ 
arranged.  ^M 

A  long  sleeve  B  sliding  on  a  key-way  of  the  lay -shaft  A^   is  connected  at  its  centre  Uy  1^ 
lever  M^  actuated  by  the  hand-lever  T  —  Fig;  6,  Plate  XXVU  — .     All  the  cams,  of  which  themy 
are  two  serving  each  valve,  are  mounted  on  the  sleeve  B.   The  cams  i>  U^  of  the  inlet-valves  d^l 
are  not  formed  step-fashion,  but  for  effecting  variable  cut-offs,  their  side  surfaces  form  diminishing 
spirals,  whereas  the  limited  side  which  opens  the  port  is  straight. 

In  the  position  our  Fig.  268  shews  the  sleeve,  the  machine  would  be  at  a  standstill,  and 
according  as  this  sleeve  is  moved  to  the  right  or  to  the  left,  the  engine  will  be  started  forwards 
or  backwards;  the  extent  to  which  this  sleeve  is  shifted,  effects  the  different  grades  of  expansion. 

The  exhaust  is  worked  by  simple  cams  K  K^  in  a  similar  manner  to  the  preceding  ma- 
chine, only  they  are  made  wider,  so  that  the  magnitude  of  sleeve-slide  may  have  no  effect  on  the 
exhaust-spindle.    The  latter  are  worked  by  crank-levers  and  small  rollers  off  their  cams. 
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Fig.  167. 


The  advantage  posseBsed  by  this  valve-gear,  consists  in  the  engine  tenter  having  only 
lever  to  attend  to  for  reversing  and  expansion  purposes,  both  of  which  functions  he  is  enabU 
do  without  either  drawing  or  throttling  of  the  steam. 


d.  Wm.  B,  Cross,  of  Sacramento  (U.  S.  A,). 

Wm.  B.  Cross,  Engineer  of  Sacramento,  has  designed  an  expansion  valve-gear,  mostly  w^i' 
in  connection  with  Marine  Engines.  We  illustrate  the  same  as  applied  to  a  paddle  -  steamer  ii 
our  wood-cut,  Fig,  269.  Each  of  the  valve -spindles  F  carries  a  support  C  for  taking  up  a  leff» 
J),  The  latter  receives  an  oscillating  movement  from  a  crank-lever  A  worked  from  the  ecetnljifr 
rod  If,     On  account  of  reversing,  the  eccentric  is  mounted  loose  on  the  crank-shaft 

To  obtain  variable  cut-offs,   an  additional  expausion-eccentric    is  provided,   which  actuate* 
a  sliding-block  n  of  the  lever  />,   by  giving  it  horizontal   motion    in  the  slide  E   in    opposite  ii* 
reotiou  to  the  moving  piston,     At  the  commencement  of  the  stroke  the  lever  D  can  raise  ih^i 
port  C,  owing  to  the  sliding-block  n  ha\dng  a  slide  between;  the  latter  glides  back,  wherel 
support  C  gliding  down    the    inclined   edge  of  «,    closes  the  valve.     The  lover  D   carries  n 
which  merely  serves  as  a  guide  to  the  support.     According  to  the  grade  of  expansion  desired,  tkej 
positions  of  the  aliding-block    must  be  adjusted  by  hand;   for   this   purpose,   they    are  worked  bj 
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aorew-nutB,  which  are  either  moved  by  the  eccentrio-rod  B^  or  by  the  handle  J.  The  valves  are 
oloMd  by  the  spring  S  suspended  from  the  lever  M.  The  latter  oscillating  centre  is  on  the  slide- 
block  E^  whilst  its  other  extremity  fits  in  a  slot  of  the  support  C. 


Pig.  869. 

€.   6.  Sigl,  of  Tlenna. 

On  Plate  XXVIH  we  shew  the  cylinder-arrangement  of  the  Engine  working  the  Rope- 
hanlage  Track  used  on  the  Leopoldsberg  near  Vienna.  It  was  constructed  by  G.  Sigl  of  Vienna^ 
who  places  all  the  four  valves  on  the  top  of  the  cylinder  in  such  a  manner  that  inlet  and  ex- 
haust valves  are  behind  each  other. 

The  external  valve-gear  is  extremely  simple,  inasmuch  as  the  forward  and  reversing  motions 
of  the  eccentric-rod  B  is  obtained  by  Gooch's  link-gear.  The  lever  A  attached  to  the  rod  B  gives 
motion  to  the  lay-shaft  W  placed  across  the  cylinder,  and  carrying  four  peculiarly  formed  levers 
DDi  EEi,  Each  of  the  levers  DD^  presses  during  its  downward  movement  on  a  double-lever  ZZj, 
so  forcing  down  the  corresponding  inlet-valve  spindle  and  effecting  ingress  of  steam  to  the  cy- 
linder. The  other  levers  EE^^  when  rising  lift  the  levers  KK^^  which  are  connected  with  exhaust 
spindles  HHy.    A  spiral  spring  S  contributes  to  the  safe  and  sure  dropping  of  the  valves. 

The  cut-off  is  rendered  variable  by  hand,  shifting  the  slide-block  working  in  the  link. 


B.  Controlled  by  the  Governor  (automatic). 

a.    The  Prague  Kaeliiiie-werks  Co.  Llm. 

The  "Prager  Maschinenbau-Actien-Gesellschaft"  has  introduced  the  lift-valve  gear  shewn 
on  our  Plate  XXVII  (Pigs.  7 — 8)  for  Winding  engine  purposes.  Where  single-cages  are  raised 
and  lowered,  and  are  not  counterbalanced  by  the  double-cage  system,  it  is  evident,  that  the  load 
thrown  on  the  engine,  varies  owing  to  the  weight  of  rope  paid  in  and  out;  again  the  different 
loads  raised,  both  in  the  single  and  double  cage-systems,  give  off  variable  loads,  and  this  induced 
Mr.  Carl  T5kei  to  design  the  special  Automatic  lift-valve  gear  represented  on  Plate  XXVII 
(Figs.  7  and  8),  for  this  class  of  Engines. 

The  arrangement  of  the  inlet  GG^  and  exhaust- valves  H  H^  is  alike  the  preceding  example, 
and  this  similarity  also  applies  to  the  cranked  levers  LL^  and  the  cams  DK^;  the  latter  are 
keyed  on  a  sleeve  B  sliding  horizontally  on  the  lay-shaft  A  revolving  at  equal  speed  with  the 
crank.  The  sleeve  B  may  be  shifted  by  hand  through  the  reversing  lever  T,  which  is  fixed  to 
the  transverse  shaft  W;  in  this  manner  the  grade  of  expansion  and  the  reversing  moments  may 
be  varied. 

But  as  the  cams,  formed  to  correspond  to  the  requirements  of  varying  loads,  are  placed 
toder  the  control  of  the  governor,  automatic  cut-offs  are  secured. 
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It  will  be  noticed  the  sleeve  5,  carries  a  small  toothed  wheel  a  with  broad  teeth,  which 
by  gearing  into  the  toothed  wheel  z^  drives  the  shaft  v.  The  latter  is  furnished  with  a  thread, 
on  which  the  nut  M  works  secured  to  the  quadrant  E  oscillating  loosely  round  the  shaft  W. 

The  action  of  this  gear  is  as  follows:  At  the  commencement  of  winding,  the  reversing  lever 
JV  is  set  in  the  dotted  position  X,  which  answers  to  the  forward  engine -movement,  and  to  the 
latest  cut-off.  As  a  consequence  the  lever  is  moved  in  the  direction  of  the  inscribed  arrowi  so 
shifting  the  sleeve  B  along  with  its  cam-discs.  The  lever  thus  approaches  more  and  more  its 
middle  position,  so  diminishing  the  valve  steam-opening.  If  the  lever  is  placed  in  position  Z^  the 
engine  is  brought  to  a  standstill.  By  pushing  the  lever  towards  the  Y  position,  the  engine-motion 
becomes  reversed. 

This  valve-gear  thus  possesses  the  advantage  of  automatic  cut-offs,  though  the  engine  may 
be  set  to  work  in  certain  cases  without  expansion  by  placing  the  lever  in  extreme  position; 
simultaneously  the  reversing  action,  as  well  as  the  grade  of  expansion,  may  be  regulated  by  hand. 

This  valve-gear,  was  shewn  applied  to  a  pair  of  Winding-engines  exhibited  at  the  Vienna 
Exhibition  of  1873,  to  wind  a  load  of  IV4  ton  (1250  kilog.)  from  a  depth  of  416  yds  (380  m.) 
at  a  speed  of  from  16 — 23  ft.  (5 — 7  mm.)  per  min.  The  diam.  of  cylinder  was  19%  in.  (500  mm.), 
its  stroke  35  Va  in.  (900  mm.),  and  to  attain  the  forementioned  speed  its  cranks  were  run  at  36  re- 
volutions per  min. 

h.  Masehlnenbau-Actien-Oesellscliaft,  —  late  Elett  &  Co.  —  of  Nflrnberg. 

This  Engineering  Firm,  has  now  constructed  about  450  Engines  of  various  sizes,  since  it 
was  established  (about  1840).  Amongst  these,  figure  a  large  number  of  single  and  coupled  engines 
working  with  lift-valve  gears,  furnished  either  with  or  without  condensers,  in  sizes  varying  from 
15  up  to  300  HP. 

The  general  arrangement  of  a  75  HP  Horizontal  Condensing  engine  built  by  this  firm  is 
represented  on  Plate  44,  whilst  the  constructive  details  of  the  cylinder  and  its  valve-gear  are 
drawn  on  Plate  45. 

The  cylinder  has  two  valve-chests  bolted  to  its  side,  each  of  which  contains  one  inlet- 
and  one  exhaust-valve;  the  inlet- valve  is  placed  inwardly  whilst  the  exhaust-valves  are  arranged 
outwardly,  somewhat  below  the  former.  The  inner  cavity  of  these  valve  chests  is  made  to  dis- 
charge into  a  rectangular  passage,  2Vi5  in.  X  8%  in.  cross-section,  whence  the  steam  passes  into 
the  cylinder.  Both  valve-chests  are  in  direct  double  communication  with  each  other,  partly  owing 
to  the  pipe  supplying  the  fresh  steam  from  the  cylinder-jacket  to  the  right  and  left  inlet- valves, 
and  partly  owing  to  the  larger  exhaust-pipe  placed  under  the  former,  which  takes  the  steam  from 
the  exhaust- valves  into  the  condenser.  Each  valve- chest  cover,  takes  in  the  two  valve  spindles 
which  are  worked  up  and  down  by  suitable  mechanism.  A  horizontal  lay-shaft,  supported  on  four 
bearings,  runs  at  the  side  of  the  cylinder  at  equal  speed  with  the  crank-shaft,  and  it  is  driven  by 
a  pair  of  bevel-wheels,  one  of  which  is  furnished  with  wooden  cogs.  One  of  the  lay-shaft  «ip* 
porting  bearings  is  placed  close  up  to  the  crank-shaft,  another  is  arranged  to  the  governor-stand, 
apd  the  remaining  bearings  are  attached  to  the  valve-chests  separately.  On  each  side  of  fte 
latter,  the  lay-shaft  carries  case-hardened  steel-cams,  different  in  form.  The  cam  placed  opposite 
the  inlet- valve  is  shewn  in  Fig.  7,  the  one  opposite  the  exhaust- valve,  is  represented  in  Pig.  & 
To  obtain  a  uniform  distribution  of  the  steam,  owing  to  the  incqual  piston  travels,  the  cams  for 
each  cylinder  side  had  to  be  made  different;  thus  the  full-lined  outlines  correspond  to  the  crank- 
side,  the  dotted  outlines  refer  on  the  other  hand  to  the  condenser-side.  Fig.  9  shews  how  a  8tee\ 
finger  o  of  a  cranked-lever  NK  is  made  to  slide  on  the  surface  of  one  of  these  cams,  whidi  foroea 
it  to  move  forward  and  backward,  when  the  lay-shaft  is  revolving.  We  may  infer  from  thSkS 
drawing,  that  the  valve-spindle  F  grasped  by  the  forked  end  of  the  lever-arm  K  \b  moved  up 
down,  which  alternate  motion  corresponds  to  the  opening  and  shutting  of  the  valve. 
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The  two  cams,  formed  as  shewn  in  Fig.  8,  are  keyed  fast  on  the  lay-shaft,  consequently 
the  opening  and  shutting  of  the  exhaust  valve  will  remain  constant.  It  is  otherwise  with  the 
inlet-cams  represented  in  Fig.  7;  these  are  connected  together  on  a  loose  sleeve  drawn  on  the 
lay  shaft  —  vide  Fig.  2  —  and  hairing  a  longitudinal  slide  on  key  and  groove.  The  adopted 
form  of  these  cams  ensures  the  retreating  of  the  steel  point  o  always  at  one  and  the  same  time, 
so  that  the  valve  opens  with  a  constant  lead,  whereas  its  advance  is  retarded  or  hastened,  ac- 
cording to  the  amount  of  slide  given  to  the  sleeve;  thus  variable  cut-off  is  also  obtained  by  the 
ahiftiiig  of  the  cams.  This  is  effected  by  the  governor,  inasmuch  as  the  sleeve  is  grasped  by  a 
forked-lever  connected  by  link  combination  with  the  govemor*«ollar  as  shewn  in  Fig.  1.  The 
dash-pots  in  connection  with  the  valve-spindles  are  supported  on  brackets,  cast  with  the  valve- 
chests;  the  dropping  of  the  valves  is  facilitated  by  spring-pressure* 

The  cylinder -diameter  and  stroke  amount  to  1  ft.  8  in.  (500  mm.)  and  2  ft  Ity^  in. 
(900  nam.)  respectively;  running  at  54  revolutions  per  min.  we  obtain  a  mean  piston-speed  of  5ft 
4  in.  (1.62  hl)  per  sec.  The  steam -pipe  entering  the  steam-jacket  is  of  4V4  in.  (120  mm.)  diam. 
or  Vir£  piston-area;  the  jacket  is  cast  in  one  with  the  cylinder.  The  exhaust-pipe  6V4  in.  (160mm.) 
diauL  is  Vs-r^'part  of  the  piston-area. 

The  piston,  cast  hollow  is  constructed  as  shewn  in  Figs.  2  and  3.  The  prolonged  piston-rod 
reduced  to  2  in.  (50  mm.)  diam.  drives  the  air-pump  direct;  the  piston  of  the  latter  is  8V4  in. 
(210  mm.)  diam.  and  its  stroke  is  35 V^  in.  (900  mm.),  so  placing  its  capacity  to  that  of  the  steam<> 
cylinder  in  the  proportion  of  1 : 5.6.  .     . 

The  engine- trunk,  is  cast  in  one  piece  with  the  crank  shaft  pedestal;  its  slides  are  7  in. 
(180  mm.)  wide.  The  connecting-rod  is  wedged  into  the  wrought-iron  slide-blookf  the  lower  gliding 
surface  of  which  is  made  adjustable  by  bolt  and  cottar.  As  the  cross-head  pin,  6'/4  X  3  in. 
(170  X  75  mm.)  is  securely  lodged  in  the  block,  the  butt -end  of  the  connecting  rod  is  forked. 
The  latter  is  lengthened  to  five  crank-lengths. 

The  crank-shaft  8%  in.  (220  mm.)  diam.  is  supported  in  bearings  13  in.'  (330  mm.)  wide; 
reduced  to  7  in.  (180  mm.)  diam.  it  has  a  collar  between  the  main-pedestal  and  crank,  whidi  is 
partly  let  in  to  the  latter. 

Engines  up  to  17V4  in.  (440  mm.)  cylinder-diam.  are  furnished  with  planed  fly-wheels  for 
belt-driving;  but  for  larger  sizes  this  Engineering-firm  uses  toothed  flywheels.  The  fly-wheel  in 
the  present  example  is  16  ft.  (4.9  m.)  diam.  with  teeth  10%  in.  (270  mm.)  long.  Its  boss  fits  on 
the  crank-shaft  swelled  to  10  in.  (250  mm.),  and  it  is  secured  by  two  extra  rings  forced  on  the  crank- 
shaft; the  rim  is  cast  in  halves,  so  that  the  three  arms  belonging  to  each  wheel-casting  are  secured  to 
the  wheel  boss  by  three  screw-bolts,  whilst  the  rim  is  pieced  by  flanged  plates  securely  wedged-up. 

The  feedwater-heater  is  placed  below  and  at  the  side  of  the  cylinder  and  of  the  air-pump,  as 
shewn  in  Figs.  6  and  7  (Plate  44).  It  consists  of  a  cylinder  21%  in.  (660  tom.)  diam.  and  8  ft. 
10  in.  (2.7  m.)  long,  which  is  traversed  by  a  number  of  2Yg  in.  (65  mm.)  wrought  iron  tubes. 
The  circulating  of  steam  and  water  is  obtained  by  allowing  the  feed  water  to  pass  through  the 
pipeii  which  are  enveloped  in  steam,  so  that  the  lattet  gives  off  a  portion  of  its  heat  to  the  feed- 
water.  The  pipe -service  between  cylinder  and  heater  is  furnished  with  a  shut -off  valve,  and  a 
three-way  cock  inserted  in  the  steam-pipe  leading  from  the  heater  to  the  condenser,  enables  the 
mtohine  to  be  worked  either  on  the  condensing  or  the  non-condensing  principle,  though  in  both 
oases  the  spent  steam  is  utilised  to  heat  the  feed-water. 

Any  water  or  condensed  steam  which  may  accumulate  either  in  thd  jacket,  or  in  the 
pipe-service  runs  out  into  a  water -receiver,  or  may  be  let  out  through  a  water  -  discharge  cock 
screwed  into  the  bottom  of  the  jacket.  Any  water  in  the  cylinder  flows  of  its  own  accord  through 
the  exhaust-valves. 

The  Porter-governor  used,  runs  at  180  revolutions  per  rain,  and  with  its  collar  slide  of 
2   IB.  (48  mm.)  it  effects  automatic  variable  cut-ofl's  between  Vso*^  ^^^  Vio^  of  the  piston  stroke. 
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The   total    weight   of  this    Engine    is   quoted   at   20  tons  (20500  ks,)  and  it    is  priced 
^  940  (Mk.  18800). 

c.    Fr.  Freieslebeji^  Engineer  of  Nlesky. 

In  Figs,  1—4  (Plate  XX  V  ill)  we  have  drawn  the  patented  valve-gear  of  Mr.  Fr,  Frei 
leben.  The  valves  are  here  arranged  at  the  aide  of  the  cylinder,  in  such  a  manner  that  the  inlet- 
valves  are  placed  above  the  exhaust  valves.  The  inlet-valves  are  each  worked  by  a  slidiug-cam 
D  mounted  on  the  lay-shaft  A^  which  cam  presses  dowTi  the  lever  A'  connected  by  rod  k  and 
lever  L  to  the  valve-spindle  t\  The  cams  D Dy  are  of  the  usual  spiral  form,  so  that  their  po- 
sition  will  regulate  the  cut-off* 

It  will  be  seen  that  these  sliding  cams  are  each  connected  to  a  high' speed  governor  in- 
volving on  the  lay-shaft,  and  in  this  manner  the  cut-ofF  is  rendered  automatic.  The  goveroor  ii 
driven  at  a  higher  speed  than  the  lay-shaft  through  the  toothed  wheels  zzy^  ff^y.  In  order  to 
counteract  the  sudden  jumping  of  the  governbr,  the  latter  is  connected  to  the  double  cataract^c^J 
linders  ii,,  the  pistons  of  w^hich  are  attached  direct  to  the  govern  or- collar.  To  reduce  the  fricti«^| 
of  the  cam  on  to  the  lever  iT,  a  small  ball  o  is  placed  in  a  recess  of  the  latter;  this  ball  easily 
follows  the  motion  of  the  cam,  and  so  prevents  the  valves  from  striking* 

The  exhaust  valves  are  driven  by  a  crank  B  keyed  on  the  lay-ahaft,  which  causes  the 
rod  IV  to  oscillate,  owing  to  the  link  and  lever  combination  between  P  and  Q.  This  rod  IT  it 
supported  under  the  exhaust  valves,  so  as  to  allow  the  opposite  tappets  o  o^  to  act  alternately  on 
the  valves,  because  during  half  the  stroke  no  motion  is  imparted  to  them. 

All  the  valves  are  pressed  on  their  seatings  by  spring  pressure. 


tl   ClaparJ'de  &  Co.,  Engineers  of  Ht  Denis. 

The  150  UP  Compound  Condensing  Engine  shewn  by  Messrs.  Clapar^de  &  Co.  lui 
supplying  part  of  the  driving  power  to  Class  54  of  the  Paris  Exhibition  of  1878,  is  tuA  rcf] 
handsome  in  appearance,  as  our  Plate  XXIX  displays. 

Availing  ourselves  of  the  description  given  by  '^The  Engint-er"*)  the  principal  diinensiuos ' 
of  this  Engine  were  as  follows: 

DiAineter  of  high-pr€«Biire  cyUntter        19  00  in. 

UiAineter  of  luw-pre^surti  cylinder  .  .     . ,     32S7  in, 

Leti|^tb  of  fltroke  of  buiU  tiyliudeni        ,     .  .     ,  ,     ,  .     35'43  iii, 

Angle  of  the  eraiiks    .  .     ,  ♦     .  *     .  .     , 90  *leg. 

Proportion  of  volume  of  the  cytimJeni .  .     .  ♦     .  .     ♦  .     .  ,     .  .     1:3. 

Normal  number  of  rtivolntiona         40, 

Diajneter  ot  air  pump .  ,     .  ,     , 9'S4  in* 

8trok#  of  air  pump     .  .     .  .     .  .     *  *     .  .     .  .     * 85*43  lu, 

IndiCftted  horse-power  wilh  75  lbs.  steam   ,  .     .  .     .  »     .  ,     «  .     150*H.P, 

The  distribution  of  the  steam  is  effected  by  means  of  balanced  valves  placed  at  the  bottom 
of  and  on  the  cylinder  covers,  by  wbich  arrangement  the  clearance  is  reduced  to  a  miatnnw- 
The  valves  are  double  seated,  distinct  for  admission  and  exhaust,  and  actnatad  by  caois  wurkiiil 
against  friction  sheaves.  The  cams  governing  the  exhaust  valves  are  fixed;  those  wllioli  aoiai^ 
the  admission  are  adjustable^  under  the  action  of  the  governor,  parallel  to  their  shafts  by  a  mmf^ 
arrangement  of  levers*  The  cams  are  fitted  with  bosses,  whose  dimensions  are  variable  fiur  ovErf 
part  of  their  lengtli,  so  that  the  admission  of  the  steam  is  prolonged  or  diminished  eorrespaoJiiifff. 
With  the  duration  of  contact  between  the  cams  and  sheaves,  in  acccirdance  with  the  pusitiouirf* 
arms  of  the  governor.     This  system  of  distribution,    which  can  be  apjdictl   to  any  kind  «f  eii|fin^ 
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Itationarv  or  mamu%  vertical  ov  horizontal,  has  claimed  for  it  the  advantage  of  doing  away  with 
|ear  working  with  shotiksi  such  as  tappets,  triggers,  or  buffers. 

\  Both  cylinders   are  steam  jacketed,   and   the  steam   for  this  purpose  is  led  from  the  main 

fteam  pipe.  The  ijitermediate  receiver  plays  the  part  of  a  reheater  for  the  low-pressure  cylioder. 
(t  is  kept  at  a  high  temperature,  on  account  of  the  large  area  of  the  interior  surface  of  its  jacket 
Ell  the  parts  in  motion  are  of  steet  The  air  pump  is  worked  by  means  of  an  arm  fixed  to  the 
grosfihead  of  the  piston  rod,  and  this  arrangement  permits  the  condenser  to  be  placed  below  the 
■^  of  the  cylinders,  and  to  isolate  it  completely,  by  means  of  air  chambers  and  non-conducting 
paterial,  from  them.  Another  advantage  obtained  by  this  disposition  is  that  the  engine  can  be 
greeted  on  one  floor  and  is  self-contained,  whereby  the  foundations  are  reduced  to  the  simplest 
jbrm,  and  the  usual  arrangement  of  pump  rods  and  levers  dispensed  with. 

\  The  idea  of  novelty  at  which  Messrs.  Clapar^de  &  Co.   have  aimed   in  this  engine   is  not 

l^nly  to  produce  a  variable  expansion  in  each  of  the  two  cylinders  of  a  Compound  Engine  by  means 
if  the  governor,  but  also  to  vary  the  duration  of  admission  into  each  cylinder  separately,  and  in 
^  proportion  most  favourable  to  obtaining  the  maximum  effect  of  the  steam,  by  a  single  impulse 
5f  the  governor-  The  desired  proportion  between  the  admission  is  obtained  by  means  of  the 
lifferent  forms  given  to  the  cams  according  as  they  are  intended  for  the  service  of  the  high  or 
low-pressure  cylinders*  These  forma  are  anch  that  when  the  engine  is  running  at  its  normal  speed 
jthe  volume  of  steam  admitted  into  the  low  is,  as  nearly  as  possible,  equal  to  that  escaping  from 
Ihe  high-pressure  cylinder.  If  the  speed  of  the  engine  be  altered,  the  admission  to  the  low-pres- 
;6iire  cylinder  is  not  affected  so  soon  as  that  to  the  high-pressure,  excepting  when  the  speed  is 
fsensibly  accelerated  beyond  that  for  which  the  engine  is  intended. 

'  We  believe  the  Firm  are  now  constructing  a  Compuond  Engine  of  lOO-horse  power  for  llol- 

rling  Mills,  on  the  same  principle^  and  although  it  was  impossible  in  an  Exliibition  to  test  the  eco- 
jiiomical  results,  the  apparent  performance  was  highly  satisfactory. 

I  We  may    add    that  owing  to    the  guide-bar   fitting   against    the  front  cylinder  cover,    the 

pxhaust- valves  are  arranged  sideways  above  the  lowest  point  of  the  cylinder,  thus  automatic 
Drainage  of  the  cylinder  is  only  illusory. 


3.    Lift-valves  \vi\]\  positive  opening  anrl  ncgativq  closing  of  thi*  admission-valves, 

A.    Valves  arranged  at  the  side  of  the  cylinder. 

a.    Briegleb^   Hansen   &   Co.,  Engineers  of  Gotha. 

For  a  number  of  years,  the  Engineering  Firm  of  Messrs.  Briegleb,  Hansen  &  Co  of  Gotha, 
have  fitted  up  Engines  exceeding  40  HF  with  an  original  double-seat  valve  gear,  which  has  been 
improved  upon  in  the  course  of  time.  Three  of  the  most  conspicuous  improvements  brought  to 
bear  on  the  admission  and  exhaust  valve-gearing  mechanism,  of  one  and  the  same  Engine ,  are 
inwn  on  our  Plate  46. 

In  these  three  modifications,  the  positions  of  the  valves  have  remained  unchanged;  namely 
they  are  placed  together  in  a  valve  chest  bolted  to  the  cylinder-side,  and  the  rectangular  cylinder 
•t^am-passage  gradually  merges  into  the  circular  valve-chest  cavity.  The  same  remark  applies 
^  the  horizontal  lay-shaft,  driven  by  bevel-gear  off  the  crank-shaft,  so  that  we  may  now  pass  on 
^  these  three  arrangements,  in  the  order  corresponding  to  their  development,  though  we  confine 
^^  description  to  the  latest  mechanism, 

2T* 


210 

The  oldest  aiTangement  is  shewn  hy  Figs,  1  and  2  (Plate  46)*  A  m  2l  second  shaft  driven 
from  the  lay-shaft,  the  revolutions  of  which  are  equal  to  those  of  the  crank-shaft.  The  seoond 
constructiou  is  shewn  in  Figs.  3  and  4,  and  the  latest  arrangement  is  represented  by  Figs.  5  and  6. 
In  principle  and  in  its  constructive  details  it  is  identical  to  the  preceding  anangement.  The 
favourable  results  to  be  obtained  with  cast-iron  valves  and  seatings  have  been  utilised  by  using 
this  metal  for  the  valves  and  their  aeatings. 

The  cranked-lay-shaft  j4,  causes  the  hallow  rod  B  to  oscillate,  working  itself  accordingly 
in  and  out  of  the  rod  />.  A  steel-plate  n  fitted  on  the  rod  raises  the  rod  C,  so  efFecting  the 
opening  of  the  vaIve-6^'.  The  rod  C  is  under  govern or-contnd  through  the  link-work  A/,  A,  I, 
According  as  its  cud  is  nearer  or  iurther  off  the  lay-shaft  centre ,  the  longer  or  shorter  will  thf 
rod  C  be  kept  up  by  the  plate  #*,  and  the  later  or  sooner  will  the  steam  cut- off  ensue.  The 
working  of  the  exhaust  valves,  similarly  driven  off  the  lay-shaft,  is  self-explanatory  from 
our  Fig*  B. 

I**    Putnam  Machliie  Co,,  Fltchburg  (Mass.)- 

The  Putnam  Machine  Co.  of  Fitchburg,  is  one  of  the  oldest  and  best  known  Enginceriflg 
Firms  of  America,  and  it  has  earned  a  famous  reputation  for  the  high-class  workmanship  uf  iU 
machinery.  The  Engine  represented  on  our  Plate  47  undoubtedly  is  one  of  its  best  constructions, 
hence  Figs,  1  and  2  give  the  general  arrangement  whereas  Figs,  3  delineates  the  valve-gear  pe- 
culiar to  this  Engine  type. 

The  disengagement-gear  is  on  the  same  principle  as  Mc.  CuUoch's*).  The  lay-shaft  driven 
at  half  the  crank-shaft  speed,  and  arranged  alongside  the  engine,  is  furnished  with  double-cams 
«rti,  both  for  the  inlet  and  exhaust-valves,  which  cams  do  not  lift  the  valve-spindles  direct,  but 
do  so  by  the  intervention  of  a  step-rail  N  and  a  bolt  2.  The  governor  acting  on  the  lever  MM^ 
causes  the  step-rail  N  to  slide  horizontally,  and  according  to  the  latter  s  position,  it  will  glide  off 
the  cams  sooner  or  later.  When  this  occurs  the  steam-pressure  on  the  valve  G  as  well  as  the 
tension  of  the  spring  s  on  the  valve-spindle  F,  brings  the  valve  close  on  its  seating,  so  cutting 
iift*  steam.  We  find  a  different  arrangement  in  respect  to  the  exhaust -valves,  for  here  the  stej^ 
rail  cannot  slide  horizontally,  but  is  securely  held  by  the  fixed  bracket  iT,  so  that  the  opening 
and  shutting  of  the  exhaust  valves  remains  constant. 

By  way  of  proving   the  great  accuracy   to  be  observed    in  the  getting   up   of  these  pa 
Prof*  Radinger  calls  attention  to  the  following  measurements: 


Lay-shaft : 
Step-rail : 


J  Diameter  1.38  in.  (35      mm,) 

I  Cam-step  or  projection  0.53  in.  (13*4  in  ui) 

I  Height  of  front  driven-end  L02  in.  (26      m  m.) 

I  Height  behind  its  step         0.47  in.  (12      mm,). 


The  step  is  consequently  0.55  in.  (14  mm.)  high,   and  as  the  cam  measures  0,53  in.  (ISVa  tni 
all  the  irregularities  of  the  entire  valve-gear   have  to  be  subdued    in  the  exceedingly  small 
of  ^f^4^   in,  ('/'.,  m  m.j,    otherwise   a  re-admission    of  the  steam  would  occur,  which  is  however 
posed  to  actual  practice. 

The  double-beat  valves   are  not  cast  in  one,  but  each  valve-surface  is  mounted  separmtt 
on  its  wrought  iron-spindle.     The  Engine  exhibited   had  a  cylinder-diameter    of  12  in,  (305 
and  with    a  stroke  of  2  ft  9  in.  (838  mm,)   it  was  running   at  55  revolutions  per  min.   or 
off  a  mean   piston   speed   of  about  5  ft.  (1,53  m.).     The   engine   frame    is   of  peculiar  form, 
motion  block  slides  in  bottom  guides,  cast  with  the  engine-frame. 
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The  arrangement  of  the  governor  between  the  two  valve  pairs  may  be  seen  from  Fig^.  1 
and  i.  It  is  driven  by  bevel-gear  at  high-speed.  The  steam-pipe  is  in  the  form  of  a  ring, 
where  it  oroMee  the  governor-spindle.  When  the  governor  balls  are  rising,  the  rods  carrying  the 
govem<Hr  balls,  force  down  a  spindle  encased  in  the  hollow  governor  stand,  which  in  its  tnm 
effects  an  earlier  or  a  later  gliding  off  of  the  step-rails  from  the  cams.  With  dropping  governor- 
balls,  the  last-mentioned  rod  becomes  raised  by  spring  pressure,  so  exercising  a  contrary  effect 
on  the  step-rails;  the  pressure  of  this  spring  is  adjustable  at  pleasure,  corresponding  to  the  engine 
speed  required. 

The  spent  steam  escapes  by  rectangular  exhaust  pipes,  each  bolted  by  two  bolts  to 
the  valve  chests. 

c.  Soelitff  Anonyme  de  Constructions  M^aniques  D*Anzin,  France. 

This  French  Engineering  Firm  under  the  management  of  its  Director  (Mr.  QuiUacq)  has 
earned  a  high  reputation  in  the  construction  of  Winding  -  engines,  and  on  Plate  48  (Figs.  9 — 11) 
we  shew  different  views  of  the  cylinder-arrangement  of  their  latest  type,  as  exhibited  at  the  Paris 
Exhibition  of  1878. 


Fig.  171 


The  corresponding  external  valve-gear  is  reproduced  in  the  annexed  woodcuts  Figs  270 — 272, 
to  which  we  adapt  the  description  given  by  "Engineering"*).  It  is,  like  all  the  other  larger 
winding  engines,  a  double  cylinder  engine,  the  two  cylinders  and  frames  being  entirely  separate, 
and  the  drums  and  brake  placed   on  the  shaft  between   the   two  journals.     The  general   form  of 
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each  bedplate  is  that  of  the  Corliss  engine,  the  cyliutler  being  baited  end  on  to  the  frame  and 
supported  by  a  separate  foot.  The  guides  are  bored,  and  havu  good  aurface.  The  main  bearing 
brasses  are  in  four  pieces,  the  upper  one  being  of  cast  iron,  the  sides  and  bottom  piece  of  bra» 
Double-heat  valves  are  used,  the  valves  of  each  pair  (for  one  cylinder  end)  being  vertically  above 
tme  anotlier  in  a  box  bolted  to  the  side  of  the  cylinder  The  cylinders  are  steam  jacketed,  th*- 
jackets  receiving  steam  on  its  way  to  the  valves;  the  exhaust  valves  are  placed  so  that  tJiey  c»ti 
drain  the  cylinders. 

The  valve  gear  is  somewhat  complex  in  appearance,  bnt  its  general  nature  can  be  ex- 
plained very  briefly.  Two  eccentrics  A'A'^  are  used  driving  a  Gooch  link  A  in  the  ordinary  way. 
By  the  link  connection  shewn,  the  lover  i>  carrying  a  catcbplate  n  receives  a  continual  reciprocating 
motion,  the  extent  of  which  eorresponds  to  the  degree  of  linking  up  employed.  The  centre  of  the  huk 
is  caused  to  move  nearly  in  a  straight  line  by  a  lever  J'T^  having  a  fulcrum  about  its  centrtj. 
The  lower  end  of  the  lever  is  connected  by  the  link  p  with  the  lever  c  linked  to  the  f«iremen- 
tioned  lever  iJ,  The  catch  at  the  top  of  T^  receives  thus  a  kind  uf  elliptical  motion  —  shewn  in 
dotted  lines  Fig.  272  —  and  so  gears  alternately  with  steel  edges  ooj  on  the  links  3/  and  A'sti 
working  on  to  the  valves,  which  are  theraHclves  suspended  (by  M)  from  a  lever  R  Rx  working  oji 
a  fixed  pin.  The  rod  Q  conies  from  the  governor  and  through  the  lever  g  and  the  links  m  and  r, 
it  determines  the  position  of  /<J-ftj,  and  consequently  the  cut-off;  iris  the  reversing  shaftf  shifting 
the  rod  connected  to  D  up  or  down  by  the  lever  U  and  the  link   K 

Very  particular  pains  seem  to  have  been  taken  with  the  arrangement  of  the  workinj 
handles — a  point  of  special  importance  in  a  winding  engine^  and  they  have  been  brought  in  veiy 
csonveniently  at  t)ne  starting  platform  beside  the  engine.  The  main  reversing  lever  is  keyed  <wi 
to  the  shaft  W  already  mentioned.  The  engine-driver  has  control  over  the  cut-off,  independeni 
of  the  governor,  when  required.  The  gearing  is  controlled  by  a  powerful  Porter  governor,  wl 
is  said  to  act  very  promptly.  The  relation  between  the  speed  of  the  governor  and  cut-off  can  he 
altered  at  will  by  the  arrangement  shewn.  During  manceuvring  of  the  cages,  and  so  on,  the  8p( 
is  always  slow,  so  that  the  governor  does  not  then  act  on  the  cut-off,  and  the  engine  can 
with  as  ftill  steam  as  may  be  wanted.  The  gear  is  also  so  arranged  that  when  the  revem 
lever  is  in  its  mid-position,  and  the  link  consequently  in  mid-gear,  the  steam- valves  do 
open,  and  the  engine  simply  sucks  in  air  through  the  exhaust  valves,  sending  it  out  again 
the  escape-valves  on  the  sides  of  the  valve-chest. 

The  valves  are  made  of  cast  iron,  which  is  believed  to  answer  quite  as  well  as 
The    piston   rods    and   other   working   parts    are  of  steel.     The  finish  and  workmanship  abi 
engines  as  exhibited  were  very  good.     Two  winding  engines  similar  to  the  one  we  illustrati;  bt 
been  supplied  by  the  Quillacq  Company  to  the  Cnmpagnie  des  Mines  d*Aniehe  (Nord),  wh(»»e 
nager  speaks  very  highly  of  the  way  in  which  they  have  been  working,  both  as  to  regukritj 
speed  and  convenience  ol  handling. 

To  this  description  we  may  add  that  the  springs  contained  in  the  pots  OO^  effcd 
rapid  closing  of  the  valves,  the  resulting  shocks  being  air-cushioned  in  the  usual  manner, 
have  shewn  the  whole  mechanism,  corresponding  to  the  crank  being  in  the  position  indicated  by 
in  Fig.  270,  and  moving  in  the  direction  of  the  inscribed  arrow,  during  which  the  eccentric  *V  i* 
almost  in  its  extreme  position,  I*:  will  be  remembered,  that  in  most  constructive  example  wh*" 
only  one  eccentric  is  used,  the  range  of  automatic  cut*off  is  limited  to  about  '^/^o^  stroke-  B* 
higher  grades  of  expansion  obtained  in  this  valve-gear,  were  merely  rendered  possible  by  inpirt^ 
ing  an  additional  vertical  movement  to  the  lever  C\  Bnt  as  this  vertical  motion  coincides  wili» 
bnt  is  11)  opposite  direction  to  that  of  the  thrust  transmitted  by  the  governor,  tlie  range  ol  ti- 
pansion  is,  in  a  manner  of  speaking,  unlimited.  The  transmission  of  the  vertical  motioi]  J9^ 
alluded  to,  is  obtained  in  a  surprisingly  simple  manner,  from  the  centre  of  the  link,  which  wta 
the  crank  is  on  its  dead  centre  is  also  in  its  extreme  position;  the  latter  is  indicated  by  pogitiaal 
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po0xtioii  n  being  tto  otie  in  which  tliis  mechanism  is  drawn.  In  the  Engines  before  us,  the 
cgmMmkB  Mxe  «et  at  right  angles  to  each  other,  and  the  diameter  of  each  cylinder  is  2  ft.  5Vt  in- 
(7*^0  mmu),  with  a  corresponding  5  ft  3  in.  (1600  muL)  stroke. 


Admteslon^yalveH  arranged  on  the  top-,  and  exhauHt-valves  fitted  to 

bottom -of  the  Cylinder. 

a.  Oebrflder  Snlzer,  Engineers  of  Wlnterthur. 

Sulser  Valve-gears  of  1867,  1873  and  1878. 

As  is  generally  known,  Sulzer  Brothers  appeared  with  an  entirely  new  valve-gear,  at  the  Paris 
Exhibition  of  1867*  .The  lapse  of  time,  which  has  occurred  since  this  bold  attempt  was  made,  has 
bad  such  a  stimulating  and  such  a  far-reaching  effect,  on  the  constructive  productions  of  con- 
tinental machinists,  as  to  induce  Engineers  on  the  Continent  to  look  upon  the  naihe  of  Sulzer 
maoh  in  the  same  way,  as  the  name  of  Corliss,  is  regarded  in  America:  consequently  Gebrtider 
Sulzer  take  first  rank  in  continental  Steam-engine  practice! 

Such  being  the  prevailing  opinion  of  our  neighbours,  it  is  not  surprising  that  the  original 

Edition  of  this  Work,  should  carefully  plod  over  the  ground  travelled  by  this  Engineering  Firm, 

and  so  groupe  the  Sulzer  constructions  in  three  distinct  sections,   answering  to  the  first,   second 

Md'  "thitd  Sulzer  valve-gear   arrangement.    Without   any  wish  of  detracting  from  the  meritorious 

tul^nt  evinced  by  thes6  constructions,   English  and  American  Engineers,   will  scarcely  accord  the 

•■■••  •'^plaoe  dlionneur*'  to  Messrs.  Sulzer  in  their  own  ranks! 

The  reason  why,  is  not  far  to  seek,  as  it  lies  in  the  different  national   views   accepted  of 

w^hat  a  Steam-engine  ought  to  be.     Thus,  on  the  Continent,  an  Engineering   mania   may  be  said 

to    have    sprung   up    since    the   Sulzer  valve -gear   came    into    public  prominence,   so    resulting 

Mi    an    affluence    of  patterns   both   surprising   and   perplexing,    and    mainly    directed    to   valve- 

8!daar  meehanisms;   contemporaneous  English  practice  on  the  other  hand,  has  shewn  itself  chiefly 

^  "ttM  naeliiiie-production,   reduction  and   simplification   of  the  various  engine-parts,  with  a  view 

of  xeducing  first  cost,  without  losing  economy  in  working  ♦).   Again,  since  discarded  or  supplanted 

Engine-arrangements  are  of  less  moment   to  the  Mechanical  Engineer   of  to-day,  than    the   latest 

productions,  the  writer  of  these  lines  has  grouped  the  different  Sulzer  valve-gears  into  one  section, 

•nd  proposes  merely  to  dwell  on  the  first  arrangements  so  far  as  they  bear,  on  the  latest  improv- 

^  patterns,  or  on  the  still  accepted  practice  of  other  Engineers. 

The  first  Sulzer-valve  gear  was  in  design  similar  to  the  mechanism  represented  in  the 
annexed  wood-cuts  Pigfs.  273,  274,  275  which  shew  the  cylinder  in  part  side  and  end-sections, 
•Uttultaneously  representing  the  form  of  cam  employed  for  raising  the  exhaust  valve-spindles.  We 
**^t  for  the  first  time,  four  separate  double  seat  valves  arranged  similarly  to  the  Corliss-Pattern, 
*  similarity  which  was  extended  to  the  Engine-frame:  inlet- valves  arranged  on  top,  exhaust  valves 
pUoed  at  bottom  of  cylinder,  both  sets  fitted  perpendicularly,  and  worked  off  four  cams  mounted 
^^  the  lay-shaft  A.  The  connecting  rod  E^  linked  by  the  rod  J,  is  attached  to  the  rigid  cylin- 
^^Niasting,  and  thus  the  opening  and  closing  of  the  exhaust  valves  always  takes  place  at  one  and 
^  same  time.  The  method  here  adopted  of  working  the  admission-valves  under  governor  control 
"W  been  abandoned,  but  the  general  design  of  the  Engine  has  been  retained,  excepting  that  Qe- 
"'ttier  Sulzer,  return  to  the  vertical  setting  up  of  the  air-pump,  instead  of  the  original  horizontal 
^'''Uigement ;    in  their  latest  construction  they  also  furnish   the  governor  with   cataract-cylinder. 

*)  Sound  mcehAnica)  advice  <»n  this  matter  wan  given  in  ''Tlie  Engineer**  Leatler  d.  3  Jan.  1879. 
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The  chief  defect  of  this  First  Valve-gear  arrangement,  consists  in  the  reaction  on  to  the 
governor,  which  takes  place  owing  to  the  cam  at  slidiog-off  moments,  pushing  the  rod  i3  in  the 
direction  of  its  axis,  which  thrust  coincides  with  the  direction  of  the  declension  of  the  lever ^ 
and  becomes  thus  transferred  on  to  the  governor  collar. 

With  these  observations  we  pass  on  to  the  second  valve-gear  arrangement  brought  out  m 
1873  by   Gebriider  Suker,   and    which   is   still   largely   adopted   by  other  Continental  Engin< 
The  annexed  wood-cut  Fig,  27ti,  explains  the  novel  arrangement  when  we  add  that  the  iolet-va 
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are  now  worked  off  the  eccentric  C  the  tail  of  which  forms  two  flat  bars  B^  between  which 
c^tch  u  is  inserted ;  at  the  end  //|  these  two  bars  are  united  together,  and  guided  by  the 
drical  rod  L\  The  lower  extremity  of  this  rod  carries  the  steel  nibs  o,  and  it  is  linked  to 
rucking  lever  M  Q  under  control  of  the  governor  rod  P,  According  to  the  positions  of  the  eocent^  , 
and  of  the  lever  MQ^  the  catches  n  and  o  will  remain  in  gear  during  longer  or  shorter  intcrnJi» 
and  when  out  of  gear  the  rapid  closing  of  the  inlet-valves  is  again  secured  by  the  action  of  tb 
spring  S;  variable  cut-offs  are  thus  secured  through  the  lever  MQ,  Owing  to  the  two  indtp^iik' 
motions  imparted  to  the  catch-plate  o,  it  moves  on  an  elliptical  curve  as  indicated  by  the  annei^ 
wood-cut  Fig.  277  shewing  different  disengagement  periods,  corresponding  to  the  inscribed  pistoa* 
travels.     The  exhaust-valve  gear  is  tbe  same  as  in  the  preceding  arrangement. 
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The  engineering  regard  etiU 
:o  this  Valve-gear  has  inducett  us 
resent  on  Plate  49  in  Figs.  1  and  2, 
tiiEontal  Condensing  Engine  con- 
bd  by  Messrs.  Sulzer  Brothers  in 
lance  thereto.  The  constructive 
i  of  the  cylinder*)  and  slide-hars 
be  seen  from  Pigs*  3  to  5,  and 
ir-pnnip  is  specially  drawn  in 
L  The  dimensions  of  this  type 
B  read  offPlate41),  so  that  we  need 
.dd  that  the  engine  indicated  80 
inning  at  75  Ihs.  boiler-pressure; 
dicated  horse-power  per  hour,  the 
oonsumptiou  amounted  to  ITV^lba, 
og.)  and  the  corresponding  fuel 
;d  2.15  Ihs.  (OdlB  kilog*). 

Although  the  Suker  valve-gear 
S  has  been  applied  in  hundreds 
Wf^  —  many  Engineers  still  paying 
r  for  the  same,  whilst  it  has  also 
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been  largely  imitated  for  the  purpose  of  eluding 
the  patent- right,  —  Messrs.  Suker  came  before  the 
public  with  a  further  improved  valve-gear,  at  the 
Paris  Exhibition  of  1 878.  The  preceding  arrangement 
is  not  suited  to  high  piston-speeds,  for  reason  that 
to  obtain  a  rapid  opening  of  the  valves,  the  con- 
tact of  the  trip-qatches  takes  place  during  the 
maxim  urn  working  speed  of  the  eccentric-rod^  so 
that  an  increase  in  the  number  of  revolutions  is 
rendered  impossible* 

To  do  away  with  this  ^^restric- 
tion*\  the  Valve-gear  of  1878  w^as 
**>s^  1^^  designed.  Its  fundamental  principle 
may  be  explained  with  the  aid  of 
Fig.  278,  Let  us  suppose  <i  to  he  a 
gliding-surface  on  the  end  of  a  bell- 
crank,  the  other  arm  of  which  is  at- 
tached to  the  valve-spindle*  Let  b 
be  a  finger  or  detent,  rigidly  connected 
with  the  gear-mechanism  and  moving 
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^^  The  diff<?retit  cotwtruction  of  the  itilet-valves^  as  here  adopted,  will  be  ^cen    to  differ  froni  that  shewn  in  Fig.  274, 
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in  certain  prescribed  variable  curves;  a  heart-motion  is  actually  given  to  this  finger,  which 
is  derived  from  two  motions,  one  of  which  —  corresponding  to  valve-opening,  is  in  y y^  direction, 
whilst  the  other  heaving  motion  lies  in  ►(•  ,r^  line.  The  inscribed  arruw  cr,  illustrates  the  directiini 
implying  opening  of  the  valve,  the  automatic  shutting  of  the  latter  answering  to  the  contran* 
dircctitm  when  the  edge  of  the  finger  h  has  left  the  gliding-surface  a  in  the  ^.Tj   line. 

With  a  varied  expansion,  the  whole  curve  i« 
removed  to  the  right  (towards  .v^)  with  earlier  cut-offfi^ 
whereas  a  remains  stationary.  The  form  of  the  it- 
scribed  curve  is  so  chosen ,  that  the  velocity  of  the 
finger  b  when  gearing  on  to  a  is  not  very  great,  but 
that  on  the  contrary  b  first  comes  to  lie  quietly  with 
its  whole  surface  on  to  a,  after  which  the  opening- 
speed  increases  rapidly.  In  other  words  "as  Engincerixif 
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has  W    the   effect   of  this    combination   is,     that  tie 
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finger  moving  slowly  at  the  instant  when   it  strikes 
Fig.  87*«.  the  valvedever,    opens    the  valve   with    cornparativelj 

little  noise  and  wear;  that  its  rapid  acceleration,  after  it  has  once  struck,  makes  up  for  iti 
slowness  at  the  first  instant,  and  that  the  whole  surface  of  the  finger  end,  is  in  contact  at  once 
and  not  a  mere  edge. 

The  great  advantages  potseaiflJi 
by  this  valve-gear,   as  displayed  by  tti 
ada|itability    to  high  piston-speeds,  mi 
by  its  feeble  reaction    on   the  govcn«s 
are  increased    by   its  suitability  to  I 
Engine-types,   whether   for  Winding 
Marine  purposes. 

The    double   movement    af 
finger   working   the    one    inlet -valve 
well  as  the  uniform  motion   for  drir 
the    opposite   exhaust-valve,    are 
obtained    from     one    eccentric  mou 
on  the  lay-shaft.    Consequently,  a  sin 
cylinder   engine   only    requires   twu 
Gentries  for  w*orking  all  the  four  vil* 
An  end-elevation  of  this  Valil 
gear  is  given   in  Fig.  279  which  ibff 
the  revolving  direction  of  the  eocent 
The  short   tail-end  B  of  the   htt«T, 
gripped    at   centre    C   by    two    linkij 
hanging   loosely   on   the  Bpiodle  o; 
eye   e    will    describe   a    peculiar 
The   pivot  c  serves   simultaneoudy 
the  attachment  of  the  rod  /,  which 
ries  the  finger  b  at  its  upper  end, 
also    imparts   a  rocking    motioD  to 
double  links  g^    between   which  the  bell-crank  A   with  the   gliding   surface  a  are  inserted, 
finger  or  detent  h  has  a  cranHever  form  given  to  it,    and  as  its  eye  i  is  indirectly  conncctadl 
the  point  e  through  links  k  and  ?//,  the  forementioned  heart-motion  results  for  the  detent;  tfcetj 
/  hereby  offectu  the  admission-motion  whilst  the  link  k  heaves  the  detent  to  and  fro.     The 
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spiral  springs  b  are  employed  for  accelerating  the  shutting  of  the  inlet-valves,  and  the  air-buffers 

0  prevent  the  valves   from   clacking.      To   vary   the   cut-off,   all   that  is   required ,   is   to   cause 

the  arm  m  to  turn.     This  arm  m  forms  with  the  arm  w  a  crank-lever,  which  is  placed  under  go- 

Temor^ntrol  by  means  of  the  coupling-rod  /,  the  lever  p  on  spindle  o,  and  the  governor-rod  q. 
The  metiiod  of  driving  the  exhaust-valves   has  also   been  altered.     The  rod  r   is  fastened 

to  ike  ecoeiitric  tail  S^   and  works  the  lever  s  to  and  fro,    which   remains  stationary  when  the 

exbiut-valve  is  dosed  by  it,   though  permitting  the  rod  r   to  move  according  to  the  impulse  of 

Ae  eooentric  C.    The  exhaust  valves  open  very  rapidly. 
In    Fig.    281,    the 

eorres   described    by    the 

end  of  the  rod  k  are  drawn 

under   the    supposition   of 

the  two  extreme  and  mid- 

pontions   of  the  govemor- 

iNilk  Corresponding  hereto, 

we  draw  the  heart  curves 

described    by    the    detent, 

the  punctuated  lines 

referring  to  late  cut- 
offs (as  the  gliding- off  ac- 
tion   no    longer      occurs), 

whilst  the 

lines  indicate  0.0  expansion 

(because  the  detent  (  comes 

no  longer  in  contact  with 

the  lever  a).  Fig.  281  shews 

the  position  of  the  eccentric 

in  relation    to   the   crank, 

whereby  C  denotes  the  ec- 
centric of    the  small    and 

^1  that  of  the    large  cy- 

Jinder. 

The  admission  valves 

of  the  high-pressure  cylin- 

dei^  have   a  maximum-lift 

ofV,^     in.    (16    mm.),    ' 

fte  lineal    lead    amounts  Fig.  ssi. 

fe  %i  in.   (2.5   mm.)    and    automatic    cut-off   may     take    place     between    0.0   and   0.9   stroke. 

On  the  other  hand,  the  lift  of  the  admission- valves  of  the  low-pressure  cylinder  is  %  in.  (19  mm.), 
the  lineal  lead  Vs^  in.  (3  m  m.)  and  the  range  of  automatic  expansion  lies  between  0.25  and  0.85 
^ke. 

The  admission  and  exhaust  diagrams  illustrated  in  Figs.  282  and  283,  were  obtained  under 
these  conditions.  The  ver}'  rapid  lift  of  the  two  valves  is  at  once  apparent,  and  this  is  all  the  more 
^portant  when  working  with  a  high  range  of  expansion,  for  the  highest  valve  position  (p)  already 
t^kes  place  at  V4  stroke.  The  curves  were  not  prolonged  behind  the  points  i  or  i|  —  cor- 
'^esponding  to  valves  closed,  —  because  the  valves  remain  stationary,  their  external  mechanism 
4one  moving. 

The  general  arrangement  of  this  Horizontal  Compound  Condensing  Engine,  which  drove 
Part  of  the  machiner}'*   of  the  Swiss  Section   at   the  Paris  Exhibition   of  1878,   is  represented  on 
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OUT  Plate  50.  The  low  and  high  pressure  cylinders  are  respectively  23^V*  ^^^  H'Vie  i^-  ( 
300  iTuii.)  bore,  so  that  the  capacity  of  the  former  is  foiir*fold  that  of  the  latter;  the  stroke 
1 1  Va  in,  (900  ra  m.),  consequently  runniug  at  70  revolutions  per  min.  the  pistons  have 
speed  of  6  ft»  10  in.  (2.1  in.)  per  sec.  Working  at  this  normal  speed  and  at  90  lbs.  (6  atid 
solute  pressure,  and  cutting  off  at  0.3  stroke,  the  engine's  effective  power  is  said  to  be  120  horaea 
Bteam-eonsumption  per  indicated  horse-power  per  hour  is  quoted  at  from  16.5 — 17.6  lbs.  (7.5 — J 
and  this  steam  is  supplied  by  a  Sulzer-boiler  fitted  with  a  Ten  Brink  Grate,  consuming  1 
(0.8  kilog.)  of  Saar  coal  of  the  best  quality,  per  indicated  hoise-pow^er  per  hour.  Whilst 
subject  of  working-results,  Engineering  in  its  issue  for  Iti^  Aug.  1878  placed  before  its  read< 
results  of  a  series  of  tests  which  have  been  carried  out  with  a  smaller  engine  of  the  sami 
and  which  it  will  be  worth  while  briefly  to  reproduce  here.  The  three  principal  trials,  of 
we  shall  give  the  mean  results  were  carried  on  by  Mr.  Fr.  Autenhunier,  Director  of  the  Tec 
School  in  Winterthur,  Prufessor  G,  Veith,  of  Zurich,  and  Mr.  T.  A,  Strupler,  of  Lucerne, 
gine  and  boiler  were  at  work  in  a  part  of  Messrs.  Sulzer's  factory,  and  the  following  are 
principal  particulars: 

Diameter  of  small  cylinder       9.44  in. 

„  „  large  cylinder        ..     *.     ., 15.91    ^ 

Stroke  „  29.51    „ 

Heating  surface  in  builer    ..     ..     387  sq,  ft 

Grate  surface      9.7     , 

Katio  heating  to  grate  surface        . . 40 :  1 

The  boiler  was  of  the  type  exhibited  by  Messrs.  Sulzer  at  Paris,  a  large  inclined  cy 
with  ^Ten-Brink''  furnace  and  grate,  and  tubes  from  the  upper  part  of  the  flame-box  right  tl 
water  and  steam  space  to  the  top  of  the  shell.    The  fuel  used  was  Saar  coal  of  the  first  qj 
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from  Altenwald.  The  engine  was  simply  doing  its  ordinary  work.  The  three  tests  were  < 
out  on  the  22nd.  and  23rd.  of  May  1877,  the  first  lasting  three,  the  next  four,  and  the  h 
hours.  There  is  very  little  difference  between  the  three  -sets  of  results,  and  we  shall  c 
ourselves  w^ith  giving  the  mean  results  of  the  13  hours  working,  which  are  as  follows: 

Pressure  in  boilers        79.2  Ik  per  sq.  in. 

„  engine-bouse     .  *     . . 76.3  „ 

Vacuum       20. 6  in. 

Mean  pressure,  high-pressure  cylinder      ..     ..     32.1  Jb,  per  sq 

„  „  low-pressure  cylinder       ,.  ..       .     ..     12.5 

Revolutions  per  minute      ..     ,.     , *. 

Irulieated  horse-power  small  cylinder       

n  n      large  cylinder       

Total  indicated  horse  power 57.31 

Temperature  of  feed  water     ..     .,     ..     ..       55 J  deg.  Fah. 

«  «   steaui  in  boiler    , 358.7         . 


89.04 
27.28 
29.93 
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Temperature  of  saturated  steam  corresponding  pressure, 

calculated  according  to  Regiiault     ..     ..    323.0  deg.  Pah. 

„  „  steam  on  entering  cylinder 323.5        „ 

„  „  injection 51.8        „ 

,,  „  discharge 83.0        „ 

Quantity  of  feed  water  per  hour 990  lb. 

„         „    condensed  steam  from  jackets  and  pipe  per  hour  1 23   „ 

„         „   injection  water  per  hour      ..        24.(570   „ 

Eatio  of  injection  to  feed  water 24.9:1 

Quantity  of  coal  used  per  hour 103.4  lb. 

Pounds  of  steam  (measured  as  feed)  per  pound  of  coal. .  9.0 

V       n  fec^  water  per  indicated  horse  power  per  hour  1 7.58 

r,      n   coal  per  indicated  horse  power  per  hour  1.83 

Yi      n      „      „    foot  grate  per  hour 10.66 

„      „  feed  water  per  foot  heating  surface  per  hour  2.55 

We  have  not  particulars  as  to  the  manner  in  which  the  various  measurements  necessary  to 
obtain  these  quantities  were  made,  but  the  experiments  seem  to  have  been  carefully  carried  out, 
and  there  in  no  reason  to  doubt  their  substantial  accuracy.  It  is  unnecessary  to  point  out  that 
they  speak  for  themselves,  as  to  the  exceedingly  economical  working  of  the  engine.  The  only 
point  about  which  some  doubt  may  be  felt,  is  the  apparent  superheating  of  the  steam,  a  result 
which  W6  should  hardly  have  anticipated  from  the  working  of  the  similar  boiler  at  Paris.  We 
do  not  know  kow  the  steam  pressure  was  measured.  It  must  be  said,  however,  that  without  some 
suck  superheating  we  should  have  expected  to  see  more  signs  of  the  existence  of  wet  steam  in 
the  cylinders  than  appear  on  the  face  of  the  results  before  us. 

The  results  of  over  thirty  experiments  conducted  by  Messrs.  Sulzer  themselves  with  the 
same  engine  and  boiler,  and  under  nearly  similar  conditions  to  those  we  have  described,  entirely 
corroborate  their  accuracy.    They  give  for  mean  figures  the  following: 

Quality  of  Saar  Coal.  Ist.      2nd.      3rd. 

Pounds  steam  (as  feed  water)  per  pound  of  coal  9.75  8.49  7.97 
Pound  coal  per  indicated  horse -power  per  hour  1.83  2.10  2.24 
Feed  water  for  indicated  horse -power  per  hour  17.85  lb. 

The  cylinders  are  placed  tandem  fashion,  with  the  Engine  trunk-frame  cast  with  the  crank- 
shaft bearings  bolted  to  the  front  high-pressure  cylinder,  whilst  the  low-pressure  cylinder  with 
distance-piece  cast  on,  is  similarly  bolted  to  the  former  by  this  distance-piece. 

The  valve  arrangement  has  already  been  discussed.  The  two  cylinders  are  jacketed  and 
lagged.  On  the  other  hand,  the  high-pressure  cylinder  is  alone  supplied  with  steam  direct  through 
its  jacket,  its  supply  pipe  is  3V2  in.  (90  mm.)  or  Vii-«  ^^e  area  of  steam-piston.  This  cylinder 
passes  the  steam  through  a  pipe  4^/8  in.  (110  mm.)  diam.  into  the  jacket  of  the  low-pressure  cy- 
linder; this  is  certainly  a  defective  arrangement  as  regards  economy,  though  it  presents  certain  con- 
structive advantages.  This  last  named  pipe  is  \  7.4  the  cross-area  of  the  small  and  nearly  Vso^ 
part  of  the  large  piston-surface.  As  expansion  also  takes  place  in  the  large  cylinder,  the  jacket 
of  tke  low-pressure  •cylinder  simultaneously  serves  as  an  intermediate  receiver.  The  condenser 
pipe  is  5  in.  (125  mm.)  in  bore,  or  ^/z^^^  part  of  the  large  steam-piston  in  area. 

The  front  cover  of  the  low-pressure  cylinder  can  be  pulled  out  through  the  hind  cover 
of  the  same  cylinder,  and  as  the  hind  cover  of  the  high-pressure  cylinder  is  similarly  made  to 
pass  through,  both  pistons  and  their  rods  can  be  removed  at  one  operation.  No  red  lead  is  used 
for  joints,  but  these  are  merely  formed  by  close  grinding  down.  The  cylinder  distance-piece 
opens  out  to  view  the  respective  stuffing  boxes.  Fig.  1  on  Plate  50  illustrates  the  simple  piston- 
constmction,  no  longer  made  in  two  parts  as  formerly. 
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Tiie    (IuuIjIb   ucting  vertical  Air-puiup  is  driven  off  the  prolonged  pistou-rod,    by  a  forkdt 
link  and  lever.     Small  air-valves  enable   a   silent   action   to  be  still  maintained  with  high*8peed«. 
The  Feed-pump  is  worked  off  the  same  lever  driving   the  Air-pump.     The  mechanism  adopted  for 
the  automatic  expansion-gear  of  the  low-pressure  cylinder  is  shewn  in  Fig.  3^  and  other  construe- j 
tive  details  are  drawn  to  an  enlarged  iScale  in  Figs.  4—6.  H 

We    may  supplement   these   data,    with  sinne  modifications  introduced  in  the  Engine-parte 
not  before  alluded  to. 

The  connectiug-rod,  gradually  strengthened  uj*  to  tbe  cross-pin,  has  its  head  forged  off 
vertically.  Tbe  brasses  of  the  crank-shaft  bearings  are  in  four,  rendered  adjustable  by  wedge4j. 
The  ily-wheel  cast  in  two,  has  6  channels  for  rope-driving.  To  ]>revent  the  high  speed  of  thiaj 
wheel  causing  violent  air-currents,  its  arms  are  elliptical  in  section. 


t^it0^ 


Fig.  m. 


Our  wood-cut  Fig.  284,  shews  a  simple  Condensing  Engine  erected  in  1877  by  the  same 
Firm  at  Ochtriip,  (North  Germany)  and  indicating  230  HP  with  a  cylinder  diani  of  25Vt  lit  wi 
a  4  ft.  4V.i  in.  stroke. 


b.    Kngiiias  working  with  tbe  Siilzer  Valve-goar  of  1873. 

a.  Josciili  Pulloubi^rja:,  Engineer  of  Mannheim. 

The  Sulzcr  valve-gear  of   1873  has  ujidergoue  a  inodihcation   at  the   hands  of  Mr.  Jc 
Pallenberg,    Engineer   of  Mannheim;    it   is   this   alteration    which    we    represent    in   Plate 
Aa  here  shewn,   the  eccentric  rod  B  is  again  forked  and  furnished  with  a  catch  n;   it  is  howercr 
differently  guided  in  its  motion,  for  it  is  fitted  with  pin-joint  and  guided  by  the  rigid  bracket  T. 

The  rod  JJ  furnished  with  oorrespunding  catch  c\  is  connected  with  the  valve-lever  L/^, 
and  is  supported  at  its  other  end  on  the  articulating  lever  J.  The  governor  by  turning  the  ex- 
pansion sliaft  E  to  which  the  link  M  is  keyed,  alters  the  position  of  lever  J  and  conseqiieotlT 
alio  tlie  position  of  the  rod  /^  so  causing  the  gearing  of  the  catches  n  and  o  to  be  retarded  or 
hastened,  as  the  case  may  be. 

The  exhaust  valves  are  worked  as  in  the  Sulzer-gear.  The  earn  A'  preases  down  the  vahr 
spindledcver  cojuiecting  rod,   thus   opening   tlic  vulve,   whereas   the  spring  ^    in   tlie  put  O  dftit* 
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the    closirtg   of  this    valve.     The   eylinder   is   of  17^,^  in,  (445  mm.)    bore   and    has  a  2  ft.  11  io, 
(890  mm.)  stroke. 

h.  Masehliieiifabrik  Aiis^slmrju^. 

Since  1845,  the  Maechinenfabrik  Augsburg  has  made  a  speciality  of  Steani-engine  huilding, 
leir  aggregate  turn-out  now  amounting  to  riSOO  ///'.  Lift-valve  gears  and  the  trunk-engine 
frame,  were  already  adopted  by  thin  Firm  in  1871,  and  the  Vienna  Exhibition  of  1873  bore  ample 
testimony  uf  the  high-class  work  turned  out  by  these  luachinists. 

We  shew  a  perspective  view  of  one  of  their  Engines,  in  Fig.  285,  the  valve-gear  of  which 
is  exactly  alike  the  Sulaer  arrangement  of  1873,  cxecpting  that  a  cross  armed  governor  is  used. 
The   diam.   of    cylinder   w^as    ISVj  io*  {^^^  mm,)   its    stroke   29 V^  in.    (740  mm.);   running    at   62 


double-strokes  per  min.  a  mean  piston  speed  of  4  ft.  11  in,  (1.5  m.)  was  given  off  per  sec.  Power 
Was  conveyed  by  a  belt  10^  4  in.  (260  mm.)  wide  from  a  flywheel  11  ft  9*/^  in,  (3liO0  mm.)  diam. 
father  peculiar  is  the  arrangement  of  the  air-pump  which  is  set  inclined,  and  worked  by  an  eccen- 
tric off  the  crank-shaft. 

Our  Plate  51  illustrates   the   arrangement   adopted  by  this  Engineering  Finn    in    the  con- 

[stmotion  of  a  Pair  of  Coupled  Condensing  Engines,    for   driving  the  "Kolnische  BauniwoUen-Spin- 

!]erei  and  Weberei'' *).    The  cylinders  are  each  of  20  in.  (500  mm.)  bore  and  3  ft  7  in.  (1100  mm.) 

Stroke;    running  at  58  revolutions  per  min.  the  mean    piston-speed  is  about  7  ft.  (2,12  m.)  per  sec. 

Lccording  to  the  Circulars  issued  by  this  Firm,  it  would  appear  that  they  construct  similar  Engines 

ranniiig   at  as   high    a  speed  as  70  revolutions  per  min ,  whence  we  may  conclude  that  the  Sulzer 

valve  gear  of  1873  admits  of  such  speeds.    Although  the  principle  of  this  arrangement  permits  all 


*)  Cologne  Cotton  Spinuitig  uuil  Weaving  Factory, 
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exifansion  grades,  still  the  goviTnor  limits  the  steam-admission  within  the  limits  of  0.0  up  to 
about  Va^J  stroke.  The  nmniog  away  of  the  Engine  is  thus  prevented,  and  simultaneaualy  the 
machine  is  kept  working  within  rational  limits  for  a  Cotton  mill  Within  these  limits  the  go- 
vernor is  exceedingly  aeciirate;  this  the  more  so,  since  special  regard  has  been  had  in  furnishing 
it  with  a  small  lift*  The  steam-pipe,  b^/^  in,  (140  mm*)  diam.  and  the  condenser-pipe  6  in.  (150  mm.) 
diam.  are  placed  side  by  side  under  the  cylinder;  t!ie  former  is  Via^^S  the  latter  Vji'^  ^^^  piston- 
area.  The  construction  of  the  cylinder,  piston  etc,  is  exactly  alike  Sulzer's;  the  long  valve-spindlc« 
enable  any  condensed  steam   to  collect,  so  reducing  friction  in  the  stuffing-boxes  to  a  minimoiiL 

The  air-pump  is  again  worked  by  an  eccentric,  and  the  feed-pumps  are  driven  by  wrought 
iron  levers  off  the  former. 

Twelve  ropes  convey  the  engine-power  to  the  Mill-shafting,  and  the  consumption  of  steam 
in  Engines  of  this  type,  varies  according  in  their  size  from  18^4 — 20  lbs.  (B.5  to  9  kilog.)  per 
indicated  horsepower  per  hour.  ^h 

€.   Harklsclie  Mast'IilitenhiHi-Aiistftlt  —  Formerly  Eaiiip  &  Ca.  —  af  Wetter  an  the  Ruhr"^ 

(WestphaUa).  „ 

(Type :    Trappem.)  H 

Mr.  Trappen,  the  Managing-Director  of  this  Engineering  Firm,  has  designed  a  Lift-valre 
gear,  adapted  both  for  ordinary  driving  purposes,  as  well  as  for  Rolling-Mill  work.  An  arrange- 
ment of  the  lirst  kind  is  shewn  iu  Figs.  4—6  (Plate  52),  Figs.  1 — 3  representing  a  RoUing-Mill 
Engine  litted  with  the  Trappen  Valve*gear* 

The  lay-shaft  A  (Fig.  7)  is  placed  alungside  the  cylinder  and  mounted  with  four  eccentrics 
C  for  working  the  two  inlet-  and  the  two  exhaust-valves.  The  tail-end  of  the  eccentric  is  linked 
to  the  rod  /,  and  the  strap  of  the  eccentric  sheave  carries  a  steel  catch-plate  w,  which  when 
rotating  in  the  direction   of  the  inscribed    arrow   pulls   down,    the  valve-rod  £,   so  lifting   the  a^H 

mission  valve  off  its  seat.     It  depends  on  thW^ 
distance    between   the    valve   rod   E  and  the 
catch  «,  as  to  how  long  the  valve-rod  cat^h  i 
remains  in  gear  with  the  plate  n;    if  the  tw^ 
are  close  together,  they  will  remain  longer 
gear    than   if  further   apart   and    vicse  vent. 
Hence  it  follows  that  the  inlet  valve  will  ao-, 
^pi4J^^«^    /  j;       J         cordingly  remain  open,  during  longer  or  shortai  I 
intervals ,  as  the  case  may  be.     The  lever 
keyed   on  the  expansion  shaft  E  is  linked  to  J 
the  valve   rod  E^   through    the   piece  Jf,  ani! 
the   position   or  the   relative    dista-noe   of  \kt 
rod  E  from  the  eccentric  point  n  is  thus  unto 
governor  control,   as  the  governor  oauies  tk 
expansion-shaft  R  to  rotate,   according  to  itil 
bidding;    consequently  automatic   variable  €1- 
pansion  is  obtained.     The   governor   is  mi^t 
to   react   on   this   expansion  shaft    by  a  p&itJ 
of  bevel  wheels. 

Further  insight  into  the  working  rf 
this  Valve-gear  is  afforded  us,  by  the  anneiei 
Fig.  286,  shewing  the  travel  of  tlie  edge  4 
the  catch  n.  The  valve-rod  E  is  always  geared  by  the  catch,  at  one  crank-position.  In  tlie  Eo- 
gine  before  us,  the  lineal  heave  of  the  lever  E  through   the  governor  amounts  to  1  in.  (24  mm.)* 
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which  travel  is  indicated  by  X^  the  range  of  automatic  expansion  lying  between  0,0  and  0.9  stroke. 
The  diagram  drawn  in  Pig.  287  explains,  that  the  admission-valve  is  continiially  opening  up  to  ^/^  stroke ; 
the  moment,  corresponding  to  the  highest  position  of  the  valve,  does  not  coincide  with  the  disengage- 
ment-limit—vide diagram^  hut  on  the  contrary  this  range  may  he  lengthened  out  at  will,  if  the 
link  M  is  only  adjusted  to  anit  the  lowest  declension  of  the  govern or-halla^  so  as  to  approach  the 
valve-rod  E  to  the  catch.  We  further  perceive,  that  disengageraent  must  always  take  place, 
becanse,  if  the  connection  remained  intact,  the  abutting  of  the  valve  would  only  occur  at  i  during 
the  next  stroke.  Such  would  only  happen,  if  with  the  governor-balls  in  their  lowest  position, 
the  rod  E  had  been  so  far  pushed  forward,  as  to  exceed  position  YI,  when  a  gliding  out  of  gear 
would  no  longer  take  place.  Theoretically,  the  range  of  expansion  might  lie  between  0.0  and 
1,0  stroke.  In  reality  this  valve  gear  is  very  simple,  for  both  its  adjustment  and  its  supervision 
cause  little  difficulty  during  the  working  of  the  engine. 

All  the  remaining  detaila  shew  what  may  now  be  temaed  well  knowTi  arrangements,  such 
as  the  valve  closing  action  of  the  springs  and  the  usual  working  of  the  exhaust-valves. 

The  Engines  of  this  class,  constructed  for  ordinary  driving-purposes,  retain  the  Corliss^type 
in  their  build,  so  that  in  Figs.  4 — 6  we  have  merely  drawn  the  cylinder,  wliich  is  of  13%  in.  (350  mra.) 
bore,  and  2  ft   3^2  in.  (700  mm.)  stroke.    When   non-condensing,  this  Engine  is  of  25  eftective  //P, 
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which  is  augmented  to  30  fIF  when  condensing.      In  the  first  case,   the  crank  is  run  at  72  revo- 
lutions and  in  the  second  at  66  revolutions  per  min.,   so  yielding   mean  piston-apeods  of  5  ft. 


G  in. 


aad  5  ft,  (l.C«7  and  1,54  m.)  respectively. 

Crank-shaft  bearing  and  trunk-frame  are  cast  in  one  piece.  The  connecting  rod  is  made 
five  times  the  crank-length,  A  guide-rod  is  attached  to  the  crank-pin  for  working  the  air-punip, 
pkced  underneath  the  fioor-line,  in  the  same  style  as  we  noticed,  with  the  practice  of  the  **Erst0 
Briinaer  Maschinen-Fahrik"  —  vide  pg.  34  and  Plate  5  — . 

This  valve-gear  mechanism  suffers  no  alteration  in  the  RoHing-Mill  Engine  illustration, 
^cepting  that  the  governor-rod  is  outside  the  stand,  and  acts  by  a  lever  airangement  on  to  the 
expansion-shaft.  ^'Engineering"  described*)  an  engine  identical  in  principle  to  the  Rolling-mill  En- 
gine here  illustrated,  which  was  built  for  Prince  S alms  Braunfels,  for  supplying  blast  to  his  furnaces 
*t  the  Qeorgshutte  Iron  Works,  near  Braunfels.  This  Blowing  Engine  has  a  steam  cyliiuler  37  in. 
M  a  blowing  cylinder  86%  in.  in  diameter,  the  stroke  in  each  case  being  6  ft.  2  in.  The  en- 
pne  is  run  at  25  revolutions  per  minute,  giving  a  piston  speed  of  308  ft.  per  niin.,  and  it  supplies 
Wagt  at  a  pressure  of  4.4  Ih.  per  square  inch,  while  the  pressure  of  steam  used  is  GO  lb.  per 
*5Uare  inch,  the  steam  being  cut  off  at  three-eighths  of  the  stroke.  Unfortunately  a  deficiency  of 
^ater  prevented  the  engine  being  made  condensing. 

As  will   he  seen  from   our  engravings  the  cylinders   are  kept  as  low  down   in  the  frame 

*^  possible,   so  as  to   reduce  the  cross-bending  strain  on  the  bedplates.     The   distribution    of  the 

I  Heam  is  effected  by  double   beat  valves,   the  admission  valves  being  on  the  top   of  the  cylinder 
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Sngineers   of  Eupen  is    given    in  Fig.    288.     Une   ecceutriu   in    uHetl   lor  working  the  four  valves. 
'The    eccentric   rod  articulates    a  donble  lever  to  wlioee  emls  trvvo  lay-shalta  are    attached^   one    of 
.which   drives   the   inlet,    whilst    the  other  w^orks   the  exhaust  valves.     For  this  purpose,  the  first 
aamed  (B)  is  attached  to  a  rocking  plate  C  —  see  Fig.  3  — . 

The  inlet  valve- chest  covers   have   each   the  ordinary  dash-pots  cast  in  one  piece,  so  that 

valves  are  closed  by  spring-pressure.     These  castings  also  form  a  bearing  for  a  pivot  shaft, 

id  which  the  valve-spindle  levers  L  and  Xj  oscillate;   these  levers   are  furnished  with  a  steel 

lib  n  Wj'    Confining  ourselves  to  the  one  cylinder-end,  the  lever  N  is  pressed  down  by  a  trigger  o 

[>f  the  rod  Ji.\  receiving  np  and  down  motion  ot!  tlie  rucking-plate  C;  the  inlet  valve  is  opened  thereby, 

[The  upper  end  of  this  rod  E  is  moreover  linked  to  a  connecting  rod  r,  which  is  moved  to  and  fro, 

{because  the  governor  articulates  the  lever  M  to  which  it  (r)  is  attached,  through  the  rods  M  and  P. 

8e  two  independent  motions  communicated  to  the  trigger  o  cause  its  edge  to  describe  a  circular 

the  extent  of  which  determines  the  duration  of   its  remaining   in   gear  with    the   steel   nib  /*. 

this  manner  a  variable  cut-off  under  governor  control,  is  obtained. 

As  only  one  eccentric  is  used,  and  disengagement  only  ensues  with  the  downward  motion 
the  rod  /^  the  range  of  expansion  is  limited  to  about  '*/io'jt*  stroke. 


e.   ( arl  Trostorff,  of  Aix-la-Chapelle. 

Carl  Trostdorff  took  out  a  German  Patent  for  a  Valve-gear  motion,  the  mechanism  of  which 
merely  novel,  so  far  as  regards  the  working  of  the  inlet-valves.  We  therefore  confine  our  ilhi- 
ptrations  (on  Plate  XXXI  Figs.  1 — 3)  to  this  portion,  though  the  exhaust  valves  are  said  to  be  driven 
►y  a  separate  eccentric.  The  inlet-valves  are  worked  by  the  lever  A  receiving  a  rocking  motion  off 
the  tail-end  of  an  eccentric  rod,  and  this  oscillating  movement  is  transferred  to  the  douhle-leveri/^j. 
The  latter  is  fitted  with  pawls  »*«,,  which  with  the  falling  motiuii  of  the  corresponding  lever  arm, 
fear  on  to  the  free  end  o  or  o^  of  the  valve-lever,  so  pressing  the  valve  spindle  down  and  open- 
ing the  valve.  This  lifting  action  of  the  valve  continues  so  long,  as  the  paw4  n  is  in  gear  with 
the  lever-end  o,  and  as  soon  as  disengagement  ensues,  the  valve  closes  in  the  usual  manner. 

Thti  form  given  to  the  valve-lever,   allows  the  pawl  to  pass  it  during  the  rising  of  the  arm  B 

|»ecause  the  end  o  is  knuckle-jointed.     The  pawls  nn^  slide  on  the  lever  ij?7ij,  being  kept  against 

the  cone-surface  3/ by  spring-pressure;  this  cone  is  under  governor-control.   The  falling  into  gear  of  the 

^awls  always  takes  place  at  one  particular  piston-stroke,  but  the  duration  of  the  engagement  de- 

lends  on  the  relative  distance  of  the  paw^la   «?ij  from  the  valve-lever  ends  ooi;   consequently,  ad- 

loission  of  steam  will  continue  all  the  longer,    the    further   apart    the    pawls  are  from  each  other, 

I  for  then  the  release  of  the  valve-levers  will   be  all  the  more  retarded.     A  bell-crank  It  transmits 

llhe  governor  motion  on  to  the  cone  M, 

^^^^L  /   A.  Kutpveiiai^ol,  of  HamioTer. 

The  introductory  remark  we  used  in  the  last  example,  also  applies  to  tht*  patented  Valve- 
gear  of  Mr.  Kntijvenagel,  Macliinist  of  Hannover.  The  inlet-valves  are  here  worked  ofi*  an  horizon- 
tal lay-shaft  running  alongside  the  Engine.  End  view  of  this  Valve-gear  is  supplied  by  Fig*  4 
|Plate  XXXI)  Fig.  5  giving  various  positions  of  the  ptjsitive  driving  gear. 

The  tail-end  B  of  the  eccentric  C  is  guided  by  the  sleeve  E  made  to  pivot  on  the  forked- 
i»iid  of  the  lever  i>,  so  that  the  upper  end  (e)  of  the  eccentric  rod,  oscillates  in  an  opposite  moving 
direction  to  its  lower  end.  With  the  inscribed  rotation  of  the  lay-shaft  ^4  a  steel  catch-plate 
ini^erted  in  the  upper  end  of  the  eccentric-rod  B  presses  doAvn  a  steel  nibbed  link  K  along  with 
Ihe  valve-spinclle  lever  Z.  This  action  is  placed  under  governor-control,  by  the  following  niecha- 
ism:    With  rising  governor- balls,   the    lever  It  rises    and  vice  versa;    the   latter  is  keyed  on  the 

23* 


226 

expansion  shaft  M^  which  carries  the  pin  r  at  its  end,  in  eccentric  fashion;  this  pin  r  forms  the 
swing-centre  of  the  bell-crank  Be,  The  sleeve  E  is  attached  to  the  arm  />,  whilst  the  end  of  xht 
arm  c  slides  in  an  open  link,  which  with  the  motion  of  the  lever  By  slides  up  and  down  about  the 
fixed  point  w.  Consequently,  according  to  the  position  of  the  govenior-balls ,  the  pivot  c  of  the 
sleeve  £,  changes  its  position,  so  bringing  about  variable  engagements  periods. 

In  Fig,  5  we  have  accepted  the  two  extreme  as  well  as  the  mid-declensions  of  the  gove^^o^ 
balls.  When  at  their  highest,  indicated  by/?,,  the  pivot-centre  of  the  eccentric-rod  is  at  e^^  whilst  e^ 
would  similarly  correspond  to  the  lowest  declension  of  the  balls.  In  the  first  case  n  no  longer 
gears  on  to  o,  as  the  curve  shewn  in  Fig*  5  falls  outside  the  edge  of  o,  so  implying  no  opening 
of  the  valve,  In  the  second  case,  the  disengagement  merely  takes  place  at  %o^*:^  stroke,  which 
consequently  corresponds  to  the  latest  admissible  automatic  cut-off.  The  parallel  motion  given  to  the 
link  K  has  been  designed,  so  as  to  afford  an  almost  flat  contact  of  n  and  o  during  the  timee 
required.  The  shortening  or  lengthening  of  the  rod  J,  also  affords  capital  means  of  regulating 
the  Engine,  and  especially  of  compensating  for  any  variations  in  the  piston-length. 

The  Machine-department  of  the  Trades-Exhibition  held  in  1878  at  Hannover,  wa«  driven 
by  an  Engine  fitted  with  this  Valve-gear,  and  supplied  by  Mr.  Kncevenageh  Its  cylinder  ww 
HVi  in.  (360  mm.)  bore,  and  2  ft.  G  in*  (780  mm.)  stroke;  running  at  75  revs,  per  min.  the  mean 
piston  speed  of  5  ft.  3  in.  fl,95  ra.)  per  sec.  was  attained.  The  fly-wheel  rim  13  ft.  in  diam.  (4  m.) 
was  furnished  with  5  grooves  for  rope-driving. 

^.  Jokanu  VOU,  of  Eiipen* 

On   Plate  XXXI  we  also  shew  the  Valve-gear  patented  by  Johaini  Voll  of  Eupen.    It  i$ 
represented  attached   to  a  cylinder  in  Figs.  6  and  7,  whereas  the   detached  disengEtgement-gear 
illustrated  in  Pig.  8.    The  cylinder  carries  a  horizontal  sliding-saddle  A^  actuated  by  the  excent 
rod  B\  the  four  valves  are  worked  off  this  saddle. 

For    lifting  the  inlet-spindles  F  (Fig.  8),  we  have  the  levers  LL^  keyed  on  the  shaft  A 
The  lower   end   of   the   first  named  lever  is  sleeve  formed.     In  this  sleeve  Uy  a  tongue  Z  fonned 
in  two  is  inserted,   the  upper  end  N  of  which  oscillates  in  the  eye  of  a  double  lever  RRi^    The, 
arm  Ry  is  under  direct  control  of  the  governor-rod  My  so  answering  to  each  motion  of  the  govenidl 
collar,    as   is  evident  from  Fig.  6,     Consequently,   the  tongue  Z  participates  in  the  declensions  of 
the   govemor^balls,   so   moving   up  and  down  in  the  sleeve  U,    It  is  further  evident,  that  by  th 
sliding  in  and  out  of  the  tongue  Z  the  leverage  is  varied. 

The  forementioned  saddle  has  knife-edge  formed  catches  C6\,  which  alternately  gear  on 
to  the  tongue  ends  Z,  forcing  the  latter  to  describe  circular-arcH ,  the  length  of  which  will  h^ 
longer  or  shorter  according  as  the  tongue  Z  lies  out  of,  or  in  the  sleeve  b\  The  connection  between 
the  levers  L  and  the  valve-spindle  Fy  causes  the  oscillation  of  the  former  to  be  transferred  a«  » 
lift  on  the  latter,  and  it  is  at  once  evident  that  the  valve  will  remain  opened,  longer  or  shortw; 
according  to  the  larger  or  smaller  oscillating  angle  described  by  the  lever  X,  The  disengair^mrnt 
of  the  two  edges  of  Cand  Zy  is  quickly  followed  by  the  valve  closing. 

With  the  return  stroke  of  the  saddle,  the  inclined  edge  C  is  forced  in  by  coming  in  contJttl 
with  Z,  and  so  allowed  to  pass  the  latter,  when  the  catch  C^  gears  on  to  Z|,  and  sti  on* 

The  exhaust-valves   are  worked  by  a   rod  K  fixed  to  the  saddle,  which  alteniately  fan)*i 
the  spindle  valve-levers  QQi  to  mount  and  glide  off  the  steps  rr^. 


h,  Carl  Teii'liiiiaiHi*  of  Sttittgardt. 

Amongst  the  feed  valve-gears  displaying  great  simplicity,  and  admitting  the  widest 
of  expansions  with  the  use  of  only  one  eccentric,  we  may  class  the  Valve-gear,  designed  byPrt'f 
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x\  Teichmiiim  of  Stuttgardt.     It  is  this  arrangement,  which  we  illustrate,  in  the  annexed  wood- 
te  Pigs.  289  and  290. 

The  exhaust- valves  receive  their  motions^  in  the  usual  manner,  from  the  crank  shaft,  by  an 
3antric  rod  B  and  a  bell-crank  DI\.  The  rod  B  carries  at  a  suitable  distance  a  trip-plate  a, 
lich  alike  all  other  points  of  this  rod  has  nearly  elliptical  travel,  resulting  from  a  horizontal 
d  a  vertical  movement.  When  the  eccentric  of  the  crank  approximately  follows  at  right  angles, 
B  dead  centres  of  the  vertical  motion  coincide  with  those  of  the  steam-piston,  whereas  with 
ard  to  the  horizontal  movement,  the  central  positions  coincide  with  the  crank  dead-centres. 
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Figs,  f^  and  £90. 


The    inlet* valves    are   worked    by   the   bell-cranks  L!.^    and    the  rods   N Ni\    the    latter 
"suspended  on  rods  J/J/j  actuated  by  the  governor.     They  each  carry  a   catch  nn^^   which  is 

IL  up  at  a  certain  height,  by  the  forementioned  rods  MM^, 
I  Supposing  the  crank  on  its  dead  centre,  and  the  trip-plate  o  (either  above  or  below)  in 
central  horizontal  position,  then  the  catches  n  ^i  will  lie  close  up  to  the  right  or  to  the  left  of  the 
^rmer,  and  the  valves  w^ill  be  closed.  If  o  now  moves  to  the  right  or  to  the  left,  the  right  or  left 
knd  inlet-valve  will  be  opened.  This  position  of  N  and  N^  is  denoted  by  .r  and  y  in  Fig.  291, 
iongh  the  lead  has  here  been  taken  into  account 

In    the    lowest    position    of    the    governor-balls,    the    altitude     of    the    catch-plates    «wj 
chosen,    that    during   the   entire   vertical   motion    of  o,    one    of  these   is   in   gear,    thus 
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opening  its  corresponding  valve;  full  steam  is  then  admitted  to  the  cylinder,  and  the  En- 
gine works  non  -  expansively.  With  rising  governor  halls,  the  catch-plate  n  is  lowered, 
whereas  the  catch  n^  is  raised,  so  that  disengagement  takes  place  sooner  ^  daring  the  ver- 
tical motion  of  o,  when  the  corresponding  inlet -valve  is  closed  rapidly  nnder  spring- 
pressure.  When  the  governor  balls  have  attained  their  maximum  ascent,  the  catch  n  has 
been  thereby  so  much  lowered,  whilst  «i  has  been  so  far  raised,  that  neither  of  them  can 
gear  yrith  o,  so  that  in  that  case,  neither  of  the  inlet-valves  is  opened.  Our  Pig.  291  shews 
this   trip-action,    the    curves    travelled   over    by  the   edges  oo^  of  the  trip-plate  being  also  in- 
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dicated  therein.     When  N  Ni  are  in  position  .r^  yj,  disengagement  —  corresponding  to  cut-off  — 
ensues  at  %©=  stroke. 

When  the  angle  included  by  the  eccentric  and  the  crank  is  exactly  90**,  then  the 
opening  and  shutting  of  the  exhaust- valves,  as  well  as  the  opening  of  the  inlet- valves,  takes 
place  exactly  with  the  change  of  the  piston  motion,  and  the  governor  has  thus  a  control  over 
the  range  of  expansion  within  the  full  limits  of  0.0  and  1.0  stroke. 


C.   Valves  fitted  to  the  Cylinder  bottom. 

Escher,  Wyss  &  Go.  Engineers  of  Zfirich. 

Amongst  the  Engines  shewn  in  motion  at  the  Paris  International  Exhibition  (1878)  we  may 
now  cite,  the  Sixty  Horse-power  Compound  Tandem  Engine  of  Messrs.  Escher  Wyss  &  Co.  of  Zfuricli- 
In  general  appearance  as  our  Plate  54  shews,  this  type  bears  some  resemblance  to  the  SulaeX"- 
design,  though  the  Valve-gear  is  of  novel  construction. 

The  arrangement  of  the  valves  to  the  bottom  side  of  the  cylinder  is  represented  in  Fig.  -*« 
whilst  the  noteworthy  details  of  this  gear  are  shewn  on  an  enlarged  scale  in  Fig.  5.  The  lay-sluuC^ 
at  the  cylinder-side,  merely  extends  to  about  the  middle  of  the  trunk-frame,  where  it  is  driven  l>^ 
spur-wheels  off  a  second  parallel  shaft  placed  in  bevel-gear  with  the  crank-shaft.  The  hijr**' 
pressure  cylinder  alone  works  with  variable  expansions,  so  that  all  the  valves  of  the  low-pressu^^ 
cylinder  are  driven  off  fixed  cams,  in  the  same  way,  as  the  exhaust-valves  of  the  high-pressoX^ 
cylinder.     The   cylinder-legs   have   a  double-armed  bracket  bolted  on  each  side,   each  arm-pin    <^^ 
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which  fomifla  swing-centre  for  the  yalve-spindle  lever,  the  right  driving  the  inlet  and  the  left  driving 
the  exhaust  valve.  Consequently  the  one  end  is  connected  with  the  valve-spindle  (exhaust)  whilst 
the  other  end  receives  the  required  motion  by  cam-gear,  in  the  same  style  as  we  have  already 
met  It  is  otherwise  with  the  inlet- valves  of  the  high-pressure  cylinder;  there,  the  steel  nibbed  end 
0  of  the  bell-orank  L  L^  (Fig.  5)  is  perfectly  free,  and  is  only  pressed  down  at  the  beginning  of 
the  admission,  by  a  catch-plate  n  of  the  pivot  z  fixed  to  the  lower  end  of  the  eccentric  rod  B  —  worked 
off  an  eccentric  on  the  lay-shaft  A  — .  This  pivot  b  is  forged  in  one  piece  with  the  strap  C  and  bar  2>; 
flie  latter  slides  in  a  sleeve  E  made  to  oscillate  round  the  pivot  z  so  as  to  ensure  the  proper 
position  of  the  trigger  n  at  engagement  periods.  The  lower  extremity  of  the  eccentric  rod  B  is 
linked  by  J^  to  the  rocking  lever  MM^^  and  the  arm  M^  is  connected  by  the  rod  22  to  a  small 
crank  on  the  expansion-shaft  placed  under  direct  governor-control.  We  may  therefore  now  perceive, 
that  the  nearer  the  trigger  n  is  approached  to  the  catch-plate  o,  the  longer  will  the  admission  last. 
Theoretically  we  should  again  obtain,  the  automatic  range  of  expansion  between  0.0  and  1.0  stroke, 
but  so  as  to  ensure  a  rapid  valve-lift  already  at  the  beginning,  this  range  of  cut-off  must  be  reduced, 
by  setting  the  excentric  accordingly. 

'*The  Engineer'**)  has  described  the  Engine  here  illustrated  in  the   following  terms:   The 
small  cylinder  is  steam  jacketed*     The  fixed  pipe  for  fresh  steam  passes  through  a  super-heating 
chamber  between  the  two  cylinders,  through  which  the  steam  passes  from  the  high-pressure  to  the 
low-pressure  cylinder.    The  double-acting  air-pump  below  the  bed  plate  is  driven  by  a  lever  from 
the  connecting  rod.    The  crank,  shaft,  and  piston-head  are  of  wrought  iron,  the  pinions,  piston  rod, 
and  the  greater  portion  of  the  moving  parts  are  of  cast  steel.    The  diameter  of  the  high-pressure 
cylinder  is  7.8  inches,   the  diameter  of  low-pressure  cylinder  15.74  inches,   the  length  of  stroke 
S3.6  inches,  and  the  number  of  revolutions  70.    The  distribution  of  steam  in  the  smaller  cylinder 
it  effected  by  means  of  two  distinct  valves  for  admission  and  two  for  exhaust,   which   are   placed 
in  pairs  at  each  extremity  underneath  the  cylinders;  the  steam  valves  are  each  worked  by  an  ex- 
oentric,  the  exhaust  by  cams;  the  excentrics  and  cams  are  keyed  to  the  spindle  communicating 
with  the  governor.     The  transmission  of  the  movement  of  the   excentrics   to  the  valve  levers  is 
prodaoed  by  a  contact  parallel  to  the  surfaces  of  pressure,  reducing  the  wear  and  tear,  and  preserv- 
ing the  accuracy  of  the  surfaces.    The  jaws  of  the  excentric  levers  act  directly  on  those  of  the 
valves,  thereby  doing  away  with  tumbler  springs.    The  cut-off  varies  from  0  to  95  per  cent  of 
the  stroke.   The  valves  open  and  close  quickly,  but  remain  open,  relatively  speaking,  a  considerable 
time;  they  are  so  placed  that  they  can  easily  be    got  at.     The   admission  to   the  low-pressure 
cylinder  is  constant  and  actuated  by  cams.    The  fly-wheel  is  channelled  for  hemp  ropes.    The  engine 
i«  built  for  a  steam -pressure  of  about  105  lb.  on  the  square  inch,  and  works   very  smoothly  and 
^elL    The  makers  call  it  a  60-horse  power  engine,  but  it  must  be  understood  that  this  refers  to 
tke  real,  not  to  the  nominal  power. 


4.   Lift-valves  with  positive  Admission  and  positive  Exhaust-gears. 

a.  A.  CoUmann,  Engineer  of  Vienna. 

^  Notwithstanding  the   various   modifications    of  the   Collmann-gear,   adopted   by    different 

I       Machinists,    the  principle  remains  the  same  as  shewn  by  our  wood-cut  Fig.  292. 

•)  d.  12  July  1878  pg.  22. 
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The  admission  (G)  and  exhaust  (H)  valves  are  set  in  pairs  at  each  cj'^linder-end,  and  are 
worked  by  one  eccentric  or  orank  C  of  a  lay- shaft  ^4  driven  at  equal  speeds  as  the  crank-shuft 
Our  drawing,  corresponds  to  the  orank  being  on  its  dead  centre;  during  the  next  half  of  its  revo- 
lution, — -  vide  inaoribed  arrow  —  the  orank  C  will  therefore  control  the  admission  of  the  steam, 
whereas  it  will  reguhite  the  corresponding  exhaust  during  the  remaining  half- revolution.  Sinml- 
taneously,  two  motions  are  obtained  oflF  this  crank-motion,  which  combined,  work  the  inlet-valve. 
In  the  first  instance,  this  crank- movement,  gives  an  oscillating  motion  to  a  portion  of  the  valve- 
gear,  which  as  a  consequence,  apart  from  the  lead^  is  shifted  during  the  first  half-revolution  of 
the  crank,  from  one  extreme  into  its  opposite  extreme  position,  returning  to  the  former  position 
during  the  second  half-revolution.  As  the  piston,  is  supposed  to  correspond  to  dead-centre,  thi 
oscillation  will  occur   in   a  vertical  direction.     Simultaneously   a  horizontal   to  and  fro  motion, 

imparted  to  another  portion  of  the  valve- 
gear,  so  similarly  causing  this  portion  t<* 
move  from  one  extreme  position  into  another 
extreme  position,  and  to  return  to  the  former 
during  the  forementioned  second  half-revo* 
lution  of  the  crank. 

The  rod  B  connected  with  the  crank 
C  is  linked  to  a  bent*lever  X  A',  the  oue 
arm  L  of  which^  simply  lifts  and  lowers  the 
ftirked-spindle  D  of  the  exhaust  valve  H; 
the  other  arm  A",  on  the  other  hand  if 
utilised  to  produce  the  required  motion  of 
the  inlet-valve  spindle  F.  The  upper  euJ 
of  the  rod  B  carries  a  sliding  sleeve  £ 
linked  by  rod  J  to  the  knee-lever  Jtf  J/j. 
The  position  of  the  sliding  sleeve  J?  on  tbf 
bar  B  is  determined  by  a  rod  P  which  m 
its  turn  is  linked  to  a  lever  Q  keyed 
the  expansion  -  shaft  R*  The  knee*le 
MM^  placed  in  the  forked  portion  of 
inlet  -  spindle  F^  has  its  bottom  ana 
linked  to  the  forementioned  arm  A'  of  tia 
bent-lever  L  K;  its  upper  arm  M  CMTte 
a  block,  which  can  slide  in  tw^o  peq>« 
dicular  grooves  of  the  inlet-spindle  proii| 
this  block  when  the  valve  is  closed,  slides  down  these  grooves,  and  effects  the  free  m*>vi«jj  «f 
the  mechanism,  even  after  this  valve  is  closed. 

The  action  of  this  mechanism,  supposed  in  our  drawing  to  be  on  the  point  of  opening  ttoj 
inlet-valve,  is  as  follows:   The  downward  pull  of  the  cnmk,   stretches  the  knee-lever,    so  tliat  tif 
block  lays  itself  against  the  top  of  the  groove,    whereby  the  arm  M  raises   the  inlet-spindle,   SrJ 
multaneously    the   sleeve  E  begins    its    horizontal  motion,   by  swinging  towards  the  cylindi 
pressing  the  knee-lever  through,    on  to  the  other    side    of  the   inlet-spindle.     The  combina 
these  two  motions  causes   an  earlier  shut-oft',   than  if  the  valve-spindle  were  only  linked  ti>  wj 
lever-arm  A'      This  shut-off  is  the  more  accelerated,   the    more  the  sleeve  E  is  pushed  outwaA 
as  then,  the  horizontal  declension  of  the  same  is  increased,  which  brings  about  an  earlier  sinkiof  I 
of  the  valve-spindle,  and  vice  versa* 

Our  Fig.  293    shews   a  flat  cam,    which    would  protluce  an  analogous   motion    to  tlwl  <« 
tlie  knee-li-ver,  if  jilaced  as  represented,  as  a  sulistitutt^  (or  the  knee-leven 


U' 


P5«r.  »3* 


231 


In  consequence  of  this  positive  closing  action  of  the  inlet-valves,  assisted  as  it  is  by  blade- 

[S^  the  dash-pot  appendage  is  dispensed  with*    Though  this  simplification  desen'es  attention, 

be  borne  in  mind,  that  it  is  introduced  at  the  cost  of  neglecting  to  require  at  the  outset 
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edy  a  closing  action  as  possible:  This  is  clearly  demonstrated 
le  valve -lift  diagrams  shewn  in  Pigs*  294 — 298  in  which,  the 
Irfiewn  above  the  horizontal  line  AB  indicates  the  valve-lifts  at 
L  and  0.8  stroke,  whilst  the  lower  curve  represents  the  casual  dis- 
P  of  the  valve  lifting  catches.  The  diagram  drawn  in  Fig.  298 
iponds  to  the  exhaust-valve  lift,  which  remains  constant  for  all  ex- 
tt-grades. 

^  In  addition,  the  curve  ACB  has  been  added  to  all  our  dia- 
■  it  is  supposed  to  represent  the  (ideal)  valve-lifts,  calculated  for 
III  piston-speed  of  6  ft  6  in.  (2  m.),  under  w^iich  all  wire-drawing 
B  steam,    would  be   prevented.     Steam-throttling  will^   therefore,  in 

(commence  and  continue  from  the  point,  where  the  actual  diagram- 
intersects  the  ideal  curve. 
The  Engine  driving  the  Austro  Hungarian  Section  of  the  Paris 
national  Exhibition  of  1878,  was  fitted  with  the  Collman  valve-gear, 
isented   in  our  Fig,  5   (Plate   55).     In  this   arrangement,    motion  is 

E' ted  from  the  horizontal  lever,  by  the  intervention  of  a  counter- 
to  the  exhaust  valves.  The  closing  of  the  valves  is  secured  by 
.. 
^  The  patented  forms  of  the  inlet  and  exhaust  valves  are  respec- 
I  illustrated  by  Figs.  7  and  0.  They  have  been  constructed  with 
V  of  preventing  unequal  expansion  of  the  metal,  which  is  often 
led  w:ith  sticking  fast  or  getting  leaky.    Cones  do  not  alter  their  ^sr-  •^ 

ts  during  expansion  or  contraction,  whence  w^c  may  conclude,  that  two  cones  rigidly  connected 
■r  tips  will  remain  quite  coincident,  in  spite  of  unequal  expansion  and  contraction  taking  place, 
f  this  principle,  Collmann  makes  his  double-seated  valves  with  the  connecting  tip  all  concen- 
i  in  one  point  of  the  axis.  The  cone  surfaces  are  only  shewn  in  punctuated  lines  in 
and  7. 
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A  safety-mechanism,  for  instantaneously  stopping  the  engine  in  case  of  a  break- down  in 
the  governor-gear,  is  shewn  in  Figs.  9  and  10.  The  expansion-shait  «,  carries  a  lever  b  connected 
with  a  heavy  cataract  by  the  governor  lever  cd;  the  cataract  piston  e  forms  one  piece  with  the 
slide  f  attached  to  the  engine  casting  by  two  links  p  h.  The  weight  of  this  cataract  is  so  great, 
that  when  freely  suspended  from  the  lever-end  d,  it  gradually  brings  the  valve  gear  to  a  minimum 
cut-off.  The  governor  lever  consists  of  the  arm  c  loosely  mounted  on  the  shaft  i;  this  arm  e  is 
merely  connected  with  the  other  link  </,  by  a  trip-gear  arrangement  m  fitted  in  the  slide  k%  Witk 
falling  governor  balls,  the  trip  becomes  disengaged,  so  disconnecting  the  two  weightjs  of  governor 
and  cataract  holding  each  other  in  equilibrium,  and  as  a  consequence  the  weight  of  the  cataract 
now  left  to  itself,  stops  the  engine. 

Collmann  has  patented  three  knee-lever  designs,  two  of  which  are  shewn  in  Fig.  294  aud 
295,  the  third  arrangement  being  described  further  on,  in  connection  with  the  Engine  of  the  Gfir- 
litzer  Maschinenbau  Anstalt  These  three  arrangements  are  equally  well  adapted,  to  Vertical 
Engines. 

According  to  the  Engineer*)  Mr,  Collmann  states  that  elaborate  experiments  have  given 
the  following  results,  and  proved  beyond  doubt,  the  advantages  of  this  system,  in  comparison  witk 
such  valve  gears  as  those  of  Corliss  and  Suker:  — 

(1)  The  steam  valve   is  always  raised  and  again  lowered   into   its  closed   position   by  the 
action   of  the  gear,   thereby  imparting   to   the  valve  a  perfectly  determined,   and  therefore  secim 
motion;    whilst  all  the  present  gears,   especially   the  Corliss  type,    drop   the   valve,   and   thereb? 
make  that  part  of  the  action  which  determines    the  value  of  the  engine,    nanjely,  the  certainty  of 
cut  oflF,  unreliable  and  insecure.      (2)  The  experiments  have  shown  that   the  governor  detenninfj 
the  degree  of  cut  off  between  ^/g,>  to  ®  j„  of  stroke   with  the  utmost  facility,    keeping   the    engii 
at  a  constant  and  steady  speed,    however  much    the  resistance  may  vary  within   the  limits 
power.     (3)  As  the  diagrams  show,  the  engine,  working  at  sixty-six  revolutions  per  minute, 
a  rapid  cut  off  for  everj^  degree  of  expansion,  any  wire-drawing  of  steam  being  prevented.    (4) 
diagrams  promise  the  same  economy  of  fuel  as  the  experiments  have  proved  really  to  take 
the  consumption  of  steam  being,   when  a  good  boiler  is  used,  from  19  lb.  to  22  lb.   of  steam 
honr  and  indicated    horse-power.      (5)  The    engines    can    he  worked    up    to  100  revolutions**) 
minute  without  causing  any  noise,  thereby  ensuring  the  utmost  durability  of  the  valve;  the  re4i 
being  that  the  valves  of  the  Collmann  engine  are  closed  by  constant   and  unchangeable  action 
the  gearing   itself,   the  speed    of  closing   being   sufficiently  great   to  prevent  wire-drawnng    of 
steam,  while  hammering  is  prevented.      Variable   frictional  resistances    are   overcome    in   this 
gear,  by  the  pressure  of  a  flat  spring  as  shown,    the  amount   of  pressure   caused   by    this  spr 
being  totally  without  auy  influence  on  the  closing  speed    of  the  steam  valves,  and  dash  pots 
entirely  dispensed  with;  the  exhaust  valves  are  worked  by  cams,  and  no  springs  are  made  usr  < 
(6)  As  all  parts  of  the  engine   are  purposely  made  verj^^  strong,  so  as  to  avoid  vibration  antJ 
cesaive  pressures  on  the  wearing  surfaces,    all  ratchets  or  parts  that  are  liable  to  we^r  and  teir 
and  must  therefore  be  frequently  replaced,    are  omitted,   and  the  only  buffer  surfaces   that  wnuld 
be  liable  to  some  wear  are  made  so  large  —  5  in.  in  the  present  case  —  that,  although  the| 
covered  with  leather,  they  will  wear  for  any  length  of  time. 

Whether  the  engine  is  really  much  superior  tn  that  made  by  Suker  or  Corliss  is  a 
on  which  opinions  will  differ.     It  is  at  least  certain  that  Mr.  Collmann  has  pmduced  a  vdve 
which  should  be  noiseless  and  which  is  capable  of  giving  a  nearly  perfect  diagram. 
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•)  ij.   l»t   M«r«h  187S,  pg.  144. 

•*)  According    to  ^'Engineering"  l-<iUnjami   jh  mjiking  Engines    for  a  much  greater  speed  (135 — 150  rwri,  I*''  i 

¥rith  th€  *t€jiin  valvrs  actumtinl    in  the  «ame  fiuihioti   u  tlit*  exhaust  v«1veH  i»f  ilif  Oitrlirz  type,    l»ul    nuloniAtiail^j   «tti 
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b,  fkshwelzeri^ehi!  Locoinotlv-  uiid  Mancliinenfabrlk^  Wiiiterthur  (Switzerliind). 

(Type:  Oil.  BrQWiL.) 

We^have  before  us,  several  lift-valve  gears,  designed  by  Mr.  Charles  Brown,  Manager 
the  8chwei2seri8Glie  Locomotiv-  and  Machinen-Fabrik  of  Winterthur.  The  primary  object  sought 
in  these  designs,  was  the  practical  adaptability  of  lift-valves  to  high  piston-speeds.  The  inlet- 
valves  are  arranged  on  the  top  of  the  cylinder,  whereas  the  exhaust  valves  are  placed  below.  A 
constant  motion  is  of  course  imparted  to  the  latter  from  an  independent  mechanism^  whiUt  the 
inlet  valves  are  worked  by  a  patented  raechanism  placed  under  governor  control. 

The  external  valve-gear  has  not  been  changed,  and  for  reasons  already  stated*),  we  will 
content  ourselves  by  aUowing  the  reader  to  notice  for  himself,  the  various  improvements  or  sim- 
plifications consecutively  brought  to  bear  on  the  construction  of  the  inlet-valves,  such  as  they 
present  themselves  on  comparing  the  older  designs  illustrated  by  our  Figs.  299  and  300,  with  the 
admission-valve  form  shewn  in  Fig.  301.  Corresponding  hereto,  the  external  valve-gear,  patented 
along  with  this  valve,  is  illustrated  on  Plate  56,  Figs.  3-0.  The  valve-proper  VV  is  cast  in  one 
with  the  small  hollow  cylinder  UV  fixed  to  the  valve-spindle  z  by  m.  The  lower  extended  portion 
of  UV  works  over  a  piston  k  cast  with  the  valve-seat  d.  The  axis  of  the  piston  i,  is  furnished 
vrith  a  small  steel  valve  e^  the  underside  of  which,  is  in  free  communication  with  the  boiler-steam 
*>wing  U)  the  radial  openings  *.  If  the  valve-spindle  z  and  the  cylinder  t^f/  are  raised,  steam  opens 
the  valve  e  and  fills   the  resulting  empty  cavity   uf  the  cylinder  U  U,     But  as  soon  as  the  valve 
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V  V  returns  or  drops,  the  valvt*  t  cluses,  when  the  trapped  steam  would  prevent  the  drop   of  the 
ralve,   if  it  were  not  for  the  small   axial  passage,  in  the  valve  t\  through  which,    the  iniprisomed 
steam  can  gradually  make  its  escape.  This  axial  passage  is  suitably  dimensioned  to  effect  a  noiseless 
«team   cushioning   of  the   valve   against   its  seat      The   valve-spindle  z,   fits    loosely  in  m   and  is 
grooved  circumferentially  these  grooves  become  filled  with  condensed  steam,  which  with  the  aid  of 
a  slight  cotton  packing,  forms  a  good  steam-tight  joint  with  very  slight  wear.     At  the  other  ex- 
tremity of  the  valve-spindle  —  vide  Fig.  3,  Plate  56   —   a  number   of  small    steel-plates  hb   are 
^placed^  ivhich  are  carried  on  two  small  pillars  //,  and  connected  with  the  adjustable  ring  o.    The 
Hatter  is  gripped  by  the  forked  'dxiA  of  a  lever  />  receiving  its  motion  by  the  rocking  lever  a  and 
|Bt^er-shaft  p.    The  lifting  of  the  forked  lever  6,  corresponds  to  a  lifting  of  the  valve  V  whereby 
the  spring  appendage  softens  the  wT>rking  of  the  valves  and  of  their  gear. 

Variable   cut-off,  depending  un  the  extent   of  the  oscillations  of  the  forked  lever  h  or  o, 
18  obtained  by  a  lever-combination,  subjected  to  the  governor.     During  one  revolution  of  the  crank, 
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the  point  o  of  the  conuecting  rod,  describes  an  elliptical  curve.     A  guide  rod  R^  connected  at 
end  to  the  oacillating  lever  *S  and  at  its  other  extremity  to  the  centre  0  has  the  rocking  lever  /* 
attached  at  about  its  middle  point  Q\  consequently  it  imparts  a  rise  and  fall  motion  to  the  lever  Pia, 
addition  to  a  rocking  movement      Whilst  the  point  Q  describes  the  flat  elliptic  curve  QQi  Q^ 
the  other  extremity  n  of  the  lever  P  travels  equi-distancea  off  the  axis  u  Uy  «j.    A  lever-union  *— 
perhaps  better  a  "parallel  motion"  —  swinging  on  the  double-lever  ii  n^  u^^  controls  the  travel  of  this 
point  fh    According  as  the  lever  «  n^  tt^  is  brought  into  diiferent  positions  by  the  governor  influence, 
this  point  w  travels  parallel  or  inclined  to  the  governor  axis;  the  former  corresponds  to  early,  the 
latter  to  later  cut-offs. 

The  weigh-shaft  p  is  connected  to  the  rocking  lever  F  at  centre  n  Consequently  the  l*<t«^ 
will  describe  approximate  ellipses,  simultaneously  shifting  the  weigh-shaft  p  to  the  extent  of  tlljH 
horizontal  axes  of  these  curves.  As  this  axis  is  the  minor  (conjugate)  axis  of  the  ellipse,  it  foUowi 
that  the  point  r  will  have  the  least  travel,  when  the  major  axis  is  perpendicular  —  vide  Fig.  5.  — 
The  inclined  position  of  the  latter,  corresponding  to  the  low  declension  of  the  governor,  will 
necessarily  augment  the  travel  of  the  point  r,  and  its  maximum  travel  is  drawn  in  Fig.  4,  where- 
as the  mean  position  of  the  governor  balls  would  correspond  to  our  Fig.  3.  Therefore,  according 
as  these  minor  axes  become  smaller  or  larger  under  the  action  of  the  governor,  so  accordinglj\ 
the  valves  remain  open  during  a  shorter  or  a  longer  portion  of  the  piston-stroke,  and  thus,  variable 
expansion  is  obtained.  It  should  be  also  stated,  that  the  point  n  of  the  rocking  lever  -P,  alway* 
coincides  with  the  point  tc  of  the  axis,  when  the  crank  is  passing  its  dead-centres,  no  matter  wlwt 
the  position  of  the  governor  lever  may  be  at  the  time;  hence »  the  lead  remains  constant  for 
all  out-offs. 

But  the  point  r  of  the  weigh-shaft  rod  p  describes  a  curve  round  its  centre.  As  this  wooU 
cause  an  unequal  admission  to  the  two  cylinder-ends,  the  lengths  of  the  links  tij  .r  and  njc^ 
are  so  chosen,  as  to  eliminate  this  fault. 

The  general  arrangement  of  the  Horizontal  Condensing  Engine  exhibited  by  this  Firm  at 
Paris  in  1878  is  shewn  on  Plate  56,  whereas  the  constructive  details  of  its  cylinder  will   be  Bemi 
on  referring    to  Plate  35   Figs.  1—3.     In   commenting  on  this  Engine  "^The  Engineer*'*)  obsers'tt 
that  it  was  well  worth  inspection  for  its  excellent  workmanship,  which  entitled  it  to  be  ranked  *« 
one   of  the   best   engines  in  the  Exhibition.     The  framing  is   a  modification  of  the  CorliBs  fnme, 
with  cylindrically  bored  cro8a*head  guides  bolted  to  pedestals,  which  form  the  crank  axle  beariogir 
and  are  connected  by  a  transverse  bed-plate  to  ensure  steadiness.     The  cylinder  is  attached  tx>  ^i^^^H 
other  end   of  the  frame,   and  supported   by  a  pedestal.    The  feed    and  exhaust  pipes  are  cam^^H 
underneath  the  cylinder,  so  that  the  latter  can  be  got  at  from  all  sides.    The  piston  rod  is  oonlinuBd  ^' 
through  the  cylinder  cover,   and  serves,  by  means   of  a  neat  arrangement   of  guide-bar  sujijiortfd 
on  a    column,    to    relieve  the  weight   of   the   piston  and  to  work  the  air-pumps.     The  connectn^n 
between  these  and  the  guides,  as  will  be  dcen  from  the  drawing,  is  very  simple. 

The  crank  consists  of  two  cast-iron  discs  with  pressed  crank  pin  and  counterweight*,  Tb<? 
cylinder  is    fitted  with  a  steam  jacket,   throiigh  which  the  steam  must  pass  before  it  reaohes  th^ 
valves.   The  stop  valve  is  placed  in  the  middle  of  the  cylinder's  length,  and  is  worked  by  a  leve*' 
handle,  which  it  is  claimed  can  be  manipulated  more  easily  than  the  usual  hand-wheel.    The  tn'O 
steam-valves  are  placed  one  at  either   end  of  the  cylinder,   on  the  top,   in   the  same  straight  hn^ 
as  the  stop  valve.    The  exhaust  valves,  which  act  at  the  same  time  to  get  rid  of  condensed  w^tc^* 
are  placed  on  the  underside  of  the  cylinder.    All   the  valves  are   equilibriated  and   double^ejiW^ 
with  dead  level  surfaces.     Steam  can  be  cut  off  at  any  point  from  5  per  cent  up  to  70  per  <*o^ 
of  the  stroke.    The  contact  apparatus  for  lifting  and  lowering  the  valves  differs  from  the  ord 
valve   gear  in   regulating  the  action   of  closing  the  valves  independently  of  springs  and  air 
pot8|  and  the  surfaces  being  directly  brought  together,  there  is  no  sliding  motion  and  no  frictiw* 

^  d.  24  MAy  I87S,  pg.  364, 
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the  contact  discs  being  provided  with  leather  washers,  the  action  of  the  valves  is  nearly 
noiselesa.  Instead  of  the  nsnal  dash  pot,  a  steam  buffer  is  used,  the  upper  part  of  the  valve 
forming  a  hollow  piston,  and  fitting  on  the  solid  piston  of  the  valve  seat.  The  connection  of  the 
spindle  with  the  valve,  is  effected  by  means  of  rings  held  in  their  place  by  a  split  nnt;  this 
arrangement  is  very  solid,  and  prevents  the  spindle  from  getting  loose,  at  the  same  time  allowing 
the  valve  to  torn  on  its  seat  and  keeping  the  surfaces  uniformly  worn. 

The  valve  spindle  works  in  a  long  spindle  case,  so  tha^t  the  stuffing-box  is  so  far  removed 
from  the  cylinder,  that  it  is  always  kept  comparatively  cool,  and  as  drops  of  condensed  steam 
only,  —  but  never  steam,  —  escape,  the  stufiiug-box  seldom  requires  tighteniug  up,  and  the  danger  of 
fixing  the  spindle  or  of  quickly  wearing  it  away  in  the  usual  neck-shaped  attenuation  in  the  length 
of  the  stuffing-box  is  avoided. 

The  exhaust  valves  are  worked  from  an  excentric  and  lifted  by  means  of  radial  cams, 
which  impart  a  quick  but  silent  motion.  The  engine,  nominally  100-horse  power,  is  capable  of 
working  up  to  160-horse  power,  makes  120  revolutions  per  minute,  and  works  so  silently  and 
steadily  that  there  is  no  doubt  that  the  speed  might  easily  be  increased.  The  leading  dimensions 
will  be  seen  from  the  drawings.*) 

n.  Valve-gears^  arranged  with  Trip-motions. 

A.  Yalves,  fitted  to  the  side  of  the  cylinder. 
a.  SBchslsche  Hasehlnenfabrlk,  —  Formerly  Richard  Hartmann  —  of  Chemnitz. 

The  Valve-gear  of  the  Sachsische  Maschinenfabrik  of  Chemnitz,  was  first  introduoed  to 
publio  notice  by  the  Vienna  Exhibition  of  1873,  where  it  was  attached  to  a  100  HP  Mill -engine. 
Since  then,  it  has  rendered  good  service,  and  has  also  been  found  to  answer  well  on  Winding-Engines. 

Our  Plate  57  illustrates  an  80  horse -power  Horizontal-Engine  of  this  kind,  adapted  to 
ordinary  driving  purposes. 

As  will  be  observed,  the  valves  are  arranged  at  the  side  of  the  cylinder,  exactly  over  each 
other  with  the  inlet-valve  above  the  exhaust-valve.  They  are  both  driven  by  a  horizontal  lay- 
shaft,  running  at  equal  speed  as  the  crank-shaft,  though  driven  by  an  intermediate  shaft,  running 
twice  as  quick.  The  latter  drives  the  governor  by  bevel  gear  at  a  high  speed.  The  exhaust- 
yalyes  are  worked  by  two  cams  on  the  lay-shaft,  whilst  the  admission- valves  are  geared  off  two 
eccentrics,  so  keyed  in  relation  to  the  crank  as  to  admit  of  later  cut-offs. 

A  double  lever  LL^  (Fig.  5),  is  connected  to  the  eccentric  rod,  and  articulates  on  a  centre 
of  the  vertical  bracket  cast  with  the  valve-chest  cover.  The  arm  L  of  this  lever,  plays  in  a  slot 
of  the  valve-spindle;  this  slot  has  a'  transverse  steel  catch-bar  o  let  through  it,  on  to  which  the 
taker-up  n  —  owing  to  the  small  spiral  spring  9  —  may  trip,  when  the  arm  L  is  in  its  lowest 
position,  corresponding  to  the  valve  being  closed.  The  rising  motion  of  the  taker-up  n,  lifts  the 
valve-spindle  F,  The  taker-up  has  an  horizontal  arm  iV,  which  participating  in  this  rising  motion 
strikes  at  some  time  or  other,  against  the  cam  M  which  is  placed  under  governor  control;  but  as 
the  swing-centre  of  the  taker-up  still  continues  to  rise,  the  pressure  of  the  cam  forces  the  taker- 
up  out  of  gear,  and  the  valve-spindle  then  rapidly  falls  again,  owing  to  the  spring-pressure  acting 
on  its  top  end. 

The  cam  M  is  keyed  on  an  expansion-shaft,  which  is  supported  on  the  two  vertical 
brackets,  and  which  oscillates  according  to  the  governor  vacillations.  In  the  mean  position  of 
the  governor-balls,  the  cam  may  come  to  lie  vertically  on  the  expansion- shaft,  as  shewn  in  our 
Tig.  5,  and  it  is  so  formed  to  ensure  its  coming  into  contact  during  different  piston  positions. 

*)  '^Engineering"  in  iU  iasae  d.  28  Jan.  1S80  pg.  75  illustrated  a  Brown's  Engine  of  smaller  aise  working  with  the 
Bid^  syitem  of  ralre,  in  which  the  change  in  the  cat-off  is  effected  by  the  turning  of  the  expansion  valve  upon  or  rather 
inside  the  hack  of  the  other. 
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The  exhaust  valves  are  worked  by  a  double-lever  actuated  by  a  vertical  rod,  the  upper 
end  of  which  carries  a  small  roller,  which  is  always  kept  by  spring-pressure,  in  rolling  contact 
with  the  surface  of  a  cam  keyed  on  the  lay-shaft.  By  arranging  the  valves  at  the  side  of  the 
cylinder  the  clearance-space  has  been  enlarged,  though  the  latter  is  again  reduced  by  the  addition 
of  a  cast-iron  block.  Cast-iron  valve-seatings  appear  to  be  used,  the  design  of  the  inlet-valve 
seating  allowing  it  to  expand  freely. 

The  80  horse-power  Condensing  Engine  herewith  illustrated  has  a  cylinder-diameter  of 
23*/g"  (600  mm.)  and  a  stroke  of  5  ft.  IIV4"  (1200  mm.).  The  crank -revolutions  number  42  per 
min.,  thus  throwing  off  a  mean  piston-speed  of  5  ft.  6  in.  (1.68  m.)  per  sec.  The  steam,  entering 
at  the  bottom  part  of  the  jacket,  circulates  over  the  whole  length  of  the  inserted  liner,  and 
passing  into  the  shut-off  valve  placed  between  the  main-valves,  it  then  enters  into  the  valve 
chests.  The  cross-areas  of  the  steam-supply  pipe  and  of  the  condenser-pipe  stand  in  thd  proportion 
of  Vi8^  and  7^4^  to  that  of  the  piston-surface,  their  diameters  being  respectively  5Va"^  (140  mm.) 
and  6V4  in.  (160  mm.). 

The  cylinder  and  crank-shaft-bearings  rest  on  separate  beds.  The  piston-rod  is  prolonged 
through  both  cylinder-covers,  and  is  3*/^  in.  (90  mm.)  diam.  in  front,  and  SVs  in.  (80  mm.)  dia- 
meter behind  the  piston.  The  slide-block  is  4  in.  wide  X  5V2  in.  (100  X  140  mm.)  long,  and  is 
attached  to  the  forked  end  of  a  connecting-rod  made  five-times  the  crank-length.  The  crank-pin 
is  prolonged  {6^1^"  long  X  5  in.  diam.  =  156  X  126  mm.)  so  as  to  drive  the  horizontal  double 
acting  pump,  arranged  under  the  floor- line.  The  pump  has  a  diameter  of  IS'/s  in.  (340  mm.)  and 
a  stroke  of  21%"  (550  mm.);    consequently,  capacity  of  air  pump:  capacity  of  cylinder  =  1  :  6,8. 

The  crank-shaft,  10  in.  (250  mm.)  diam.  is  reduced  to  9'/,  in.  (240  mm.)  where  the  crank 
fits  on;  its  bearings  are  \&^l2,m.  (420  mm.)  wide  and  they  are  set  resting  on  separate  foundations,  at 
7  ft.  (2134  mm.)  apart,  from  centre  to  centre.  Exactly  midway  between  these  bearings,  the  toothed 
fly-wheel  is  mounted  on  the  crank  shaft,  here  augmented  to  11  %  in.  (295  mm.)  diam.  Its  six 
arms  are  bolted  to  the  wheel-boss,  and  the  external  diam.  of  this  fly-wheel  is  stated  to  be  16  ft. 
10  in.  (5130  mm.).    The  Porter  governor,  with  crossed  arms  is  run  at  110  revs,  per  min. 

h.   Socl^t^  Anonyme  de  Harclnelle  &  Conlllet  of  Belgium. 

The  Soci&t6  Anonyme  de  Marcinelle  &  Couillet,  was  represented  at  the  Paris  International 
Exhibition  of  1878,  by  a  Blowing-engine  for  Mine- ventilating  purposes,  which  was  driven  by 
an  automatic  variable  expansion  Lift-valve  gear.  Before  proceeding  to  describe  the  peculiar  semi- 
automatic regulating  action  of  this  Engine,  or  to  discuss  the  pneumatic  regulator,  we  may  oon- 
veniently  explain  the  lift-valve  gear,  by  the  aid  of  Pig.  304. 

Two  valve-chests  are  fitted  to  the  side  of  the  cylinder,  one  of  which  our  wood-cuts  shews 
in  section,  so  as  to  elucidate  the  arrangement  between  the  admission-valve  G  and  the  exhaust-valve  H 
A  portion  of  the  external  gear,  bears  great  similarity  to  the  original  Corliss-valve  gear,  inasmnd 
as  the  eccentric  B  causes  the  wrist-plate  A  to  oscillate  round  its  centre  z  placed  between  the 
four-valves,  somewhat  over  the  cylinder  centre-line.  To  this  wrist-plate,  four  rods  EE^  are  linked, 
each  of  which  is  connected  with  one  of  the  valves.  The  exhaust-valve  H  is  worked  direct  and 
uniformly  through  the  bell-crank  KKi  off  the  rod  E^.  The  inlet- valve  G  on  the  contrary,  can  I 
only  be  considered  rigidly  attached  (by  trip-gear)  to  the  rod  E  during  its  lift.  This  oonneotion 
becomes  severed  when  the  desired  degree  of  expansion  is  attained,  and  the  valve  is  then  forced 
back  on  its  seating,  through  the  usual  spring-pressure.  Por  this  purpose,  two  levers  are  keyed 
fast  on  the  short  spindle  J\  one  of  these  levers  L  is  articulated  by  the  rod  E^  whilst  the  otker 
Ly  is  furnished  with  a  steel  catch-plate.  When  the  latter  is  in  its  lowest  position,  the  sted 
nib  n  of  the  bell-crank  NN^  suspended  in  a  slot  of  the  valve-spindle  F,  comes  to  lie  over  th« 
catch-plate  o  of  the  lever  L^  owing  to  the  pressure  of  the  flat  spring  s,    Conseq[uently  the  ascending 
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motion   of  the  rod  E  lifts   the  valve  G,   till   the  other  arm  N^   of  the  hell-crank,  strikes  against 

a  projection  r  placed  under  governor-control;  the  arm  ^|  heing  thus  prevented  from  continuing  to 

rise,  causes  the  trip-gear  n  o  to  become  disengaged.    At  this  moment,  the  valve  is  closed,  whereby 

oonenssion  is  prevented  through  the  air-buffer  o. 

The  projection  r  is  attached  to   a   cranked-lever  RR^  mounted  loosely   on  the  spindle  J. 

To  effect  variable  expansions,   the  other  arm  Ry  (which  could   also  be  connected  to  an  ordinary 

baU-govemor)  of  this  lever,   is  attached  to  a  vertical  rod  3f ,  the  lower  extremity   of  which  rests 

on  a  step-block  Q  —  shewn  enlarged  in  Pig.  303.    It  is  evident,  that  all  that  is  required  in  order 

to  vary  the  work  or  the  speed  of  the  Engine,  is  to  change  the  relative  position  of  the  rod  3f;  in 

the  arrangement  before  us,  the  resting  of  the  rod   3f  on  a  Fir  sos. 

lower  step    is  made   to   correspond    to  a  later    cut-off    and 

vice  versa. 

The  principle  of  the  pneumatic  regulator  designed  by 

Tinimermann  is  based  on  the  following  phenomena.    Practical 

observations  have  conclusively  proved  that  the  main  cause  of 

fire-damp   explosions   are  due   to   a  rapid  sinking    of  the  at- 

mospheno  pressure.    For,  with  low  atmospheric  pressures,  the 

higiily  explosive   gases  given  off  from  the  workings,    expand 

in  volume  very  rapidly,    and   blow  with   all  the  more  speed 

dirough  the  galleries  or  workings,  the  lower  the  air-pressure  is. 

A   quick   elimination    of   these  noxious   gases   can   therefore 

only  be  attained    by  increasing  the  volume   of  artificial  air, 

obtained   from    the   speed    at   which   the    ventilating    fan   is 

driven.    Hence,  the  idea  to  use  a  pneumatic  reg^ator,  which 

shonld  control  or  rather  increase  the  speed  of  the  Main-engine 

when  the  atmospheric  pressure    in  the  workings   was  on   the 

decrease,  must  be  allowed  to  be  exceedingly  ingenious.    Such 

is  Tinunermann*s  idea,    though   it  has  been   found  advisable, 

not  to  allow  this  contrivance   to   regulate   the  Engine   auto- 
matically when  atmospheric  pressure  is  rising,  but  to  reduce 

the  engine  working  speed  by  hand  to  its  normal  rate. 

The  practical   construgtion   of  this   idea   is   shewn  in 

Pigs.  4—7,  Plate   53.    The   rods  M  M  ot  omt  Pig.  302,   are 

actuated  by  the  regulator  lever  /  —   see  Pig.  6   —   through 

the  connecting-rod  wi,  but  owing  to  the  ratchet-gear  k  —  vide 

Fig.  4  —  only  in  one  direction.     As  soon  as  the  pressure  of 

the  air  diminishes,   the  rod  m  is  pulled  forward,  causing  the 

ends  of  the  rods  M  to  fall  a  step  lower  on  the  forementioned 

step-blook  Q.    But  if  the  pressure  of  the  air  increases,  the  lever  f  is  not  able  to  lift  the  rod-ends 

on  to  a  step  higher,  but  the  ratchets  shewn  in  Pig.  7  of  our  Plate  53  then  slip  over  the  grooves 

of  the  rod  fn,  without  shifting  the  latter.  As  soon  as  the  normal  atmospheric  pressure  has  been 
restored,  the  engine-tenter  lifts  up  the  rods  M  M  hy  unloosening  the  ratchet  gear  ifc,  and  sets  the 
engine  to  work  at  the  desired  cut-off. 

Tinmiermann's  Pneumatic  Regulator  as  shewn  by  Fig.  6,  consists  of  a  closed  casing  a  com- 
Uranioating  through  pipe  6,  with  the  mercury  trough  c.  The  latter  carries  a  float  d,  which 
transmits  its  rise  or  fall  to  the  crank-lever  /^  /.  The  distance  between  the  lower  casting  and  the 
easing  a  may  be  adjusted  by  the  three  rods  ^,  and  the  whole  top  part  of  the  apparatus  is  enclosed 
l>y  an  ornamental  casting  furnished  with  indicating  dial  h.  If  the  atmospheric  pressure  falls,  then 
fhe  mercury  flows  out  of  the  casing  a  into  the  trough  f?,  so  raising  the  float  d,  which  in  its  turn 
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lifts  the  arm  /i ;  in  thia  manner  the  end  of  /  is  drawn  over  to  the  left,  and  the  two  clips  or 
ratchets,  accordingly  move  the  rod  m,  so  bringing  the  ends  of  M  on  a  step  lower;  this  as  before 
stated  causes  a  later  cut-ofF  or  more  steam-power  to  the  cylinder-piston,  hence  increased  spee 
The  pressure  of  the  atmosphere  may  be  read  off  the  forementioned  dial  at  any  time^  and 
electric  bell-sounding  apparatus  is  moreover  attached,  which  raises  an  alarm  when  the  atmospheric 
pressure  causes  the  mercury -column  to  drop  Via  i^-  (^  mm.).  Though  this  pneumatic  -  regulator 
certainly  becomes  an  effective  tell-tale,  as  regards  the  barometric  state  of  the  atmosphere  abo? 
ground,  still  in  the  opinion  of  the  writer  of  these  lines,  it  stops  short  of  all  that  is  reqii 
inasmuch  as  it  takes  no  note  whatever  of  the  atmospheric  state  in  the  workings,  which  at  a 
ments  notice  may  become  highly  saturated  with  fire-damp,  whilst  simultaneously  the  barometif 
above  ground  may  indicate  no  reason  for  fear.  In  this  direction  therefore,  this  pneumatic  regu- 
lator needs  improvement,  before  it  becomes  a  perfect  safeguard  in  automatically  supplying  increased 
volumes  of  pure  air  at  critical  times*). 

It  is  evident  that  the  extent  of  cut-offs*  is  limited  to  the  number  of  steps,  which  are  eacl 
0.169'^  (4-3  mm.)  broad.  As  the  anns  of  the  regulator  -  lever  /  /^  are  in  the  proportion  of  1  :  3, 
in  order  to  effect  the  dropping   of  the  rod  iW  from   step  to  step,   the  float  d  must  consequently 

rise  to  the  extent  of   ^^   =  0.056  in.,  which  corresponds  to  a  barometric  pressure  drop  of  0-113  ia, 

(2.806  mm.).     Therefore     as  there   are   altogether  seven    steps    the  barometric  pressure  rednetioo 
would  be  0.113  X  7  ^=  0.79  in.  (20  mm.)  between  the  earKest  and  latest  automatic  cut-off.    Thf 
depth  of  each  step  is  experimentally  ascertained  for  each  case- 
In    the   Engine    before    us ,    the  cylinder-diara.    is  24*^  in.   (620  mm.)    its  stroke    S3^  ^ 
(850  mm.).     Witli  these  dimensions,  and  with  the  Engine  working  at  45  lbs,  (3  atm.)  boiler  prei^ 
sure,  the  following  working  results  were  given  off  for  the  different  expansion  grades  corresponding 
to  the  steps: 


Steps 

I 

1=1 

m 

IV 

V 

VI 

vn 

Cut-off:  (stroke)  .... 

0.165 

0.176 

0.20 

0.24 

0.27 

0.31 

0.37 

Revs,  per  min 

40 

U 

48 

52 

56 

61 

m 

Indicated  Horse-power     . 

36 

43.5 

56.r» 

71.8 

89.7 

110 

147 

This  Engine  drives   a  Guibal    fan   of  39   ft.  (12  m.)  dium.    and  4  ft.    11  in.  (2.5  hl) 


♦)  At  II  nieetitig    of  the  Gliisgow  PJiilosoiihicd  Society*    held   on   21  Jftnuary  1880,    ProfeMOr  George  F»Hj«s 
bibJI«d  and  gave  a  brief  accoant   of  a  new  tire-danip  indicator  which    he  has  iiivt*nted,      Frofessar  Forbes  ^aid    it  &ccartf4 
to  him  that  thp  |jnndpE(?  of  acoustics  might  be  applied  to  meaflure  very  accurately  the  i|t]aiitity  of  fire-damp  mixed  wiili  i 
in  a  luiue.    The  agi^'nt  employeti   wa«  an  ordJuary  tuiuiig  fc^rk.     When  brought  iutu  the  neighbourhood  of  a  tul>e  of  a  < 
leo^h  full  uC  AiTf    the  air  reiponded    tu  the  Doige  of  the  tuning  fork  only  when    the  tube  wait  Of  a  certain  lengtli.      If  I 
had  ao  atmospjiere  in  which  fire-damp,    which  was  about  half  m  light  m  comroon  air,   was  mixed   up,    the  velocity  iif  1 
•oand  would  be  greater  than  in  common  air,  and  tlierefore  the  letigtb   of  the  tube  would  be  greater ;    lo   tliat   b/ 
Ml  index  an  the  tube  they  could  meaaure  the  quantity    of  ftre-damp  tn  the  air  to  within  about    one   htlf  |ier  oenL 
Mmrjr  mod  Cunuitighanits  Colliery  proprietfirs,  have  already  empbyed  the  in«trumeut ,    and  ihey  feel  satisfietl    ft  will  iiKl  1 
good  reaulta. 


c,  Messrs.  Pusey^  Jones  &  Co.  of  New-York, 
(Type:  John  Baird.) 

If  we  bring  to  mind  the  Marine-Engine  constmcted  by  Messrs,  R  W.  Peek  &  Co.  of  Few- 
ik^  whicb  w«^s  discussed  by  us  on  jig.  51,  and  compare  tbe  same  with  Plate  43  shewing  the 
Machinery  of  the  steamer  ^Hudson  (Crom- 
well Line)  designed  by  John  Baird  and  eon- 
atmcted  by  Messrs.  Piisey,  Jones  &  Co.  of 
Kew-York,  we  must  come  to  the  conclusion 
that  the  Americans  are  applpng  Variable 
expansion-gears  to  their  Mariue-ertgines. 

This  vaWe-gear  also  works  with 
fixed  expansiuns  not  controlled  by  the  go- 
rentor,  but  by  hand,  tliough  in  other  re- 
spects it  fulfills  the  conditions  of  an  ex- 
pans  ion-gear. 


The   Engine,    of  the   "overhead    system*'    has    the    crank-shaft 
running  under  the  cylinder;    two  eocentrics  are   mounted  mv  this  crank- 
shaft^ of  which  only  one,  according  to  the  forward  or  backward  motion 
of  the  Engines  drives   the   four  valves.    The  principle  of  the  Valve-gear 
is  graphically    represented    in  our   w^oodcuts  Figs.  304  and  305.     Here 
Vi  is  the  forward-motion  eccentric,  r^  being  the  reversing-eccentric.    Both 
eccentrio-rods  /^r  and  Br^   run   up   the   side    of  the  Engine-frame,   and 
cause   the   lay-shaft  A  to   OBcillate.    The   hand  lever  Kv  and  the  lever 
Fv  Ft^  necessitate  either  one  or  both  of  the  rods  Dv  I>r  to  be  disengaged; 
the  last  named  arrangement  is  shewn  in  Fig.  1,  which  further  correponds 
to  the  Engine  being  at  rest    On  the  other  hand,  in  Fig.  304,  the  rod  Dv  ib 
engaged,  consequently  the  engine  is  moving  forwards.    In  tbe  middle  of 
the  lay-shaft  Ay  the  balanced  lever  J  is  mounted,  one  end    of  which,    communicates    by  the  short 
link  I  J  with  the  lower  valves  wliich  are  alone  noticed   in   our  Fig.  304.     The   form   of  trip-caaia 
Med  is  shewn  in  Fig.  17  (Plate  43)  and  the  details    of  the  trip-gear  in  connection  with  the  inlet- 
valves  are  represented  in  Figs.  6—10. 

Eeferring  to  Fig.  17,  also  giving  the  different  positions  of  the  cams  during  various  stroke 
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portions,  position  lY  indicates  the  mean  position  of  the  gear,  when  the  exhaust-valve  has  already 
lifted  to  the  extent  of  Yg"  (3  mm.).  The  admission  valve  opens  at  VI,  whilst  simultaneously  the 
opposite  exhaust  valve  at  position  II  has  abeady  lifted  to  Uie  extent  of  ly^o  in.  (30  mm.).  Both 
attain  at  I  their  highest  position,  the  lift  of  the  former  corresponding  to  V/^"  (48  mm.)  that  of 
the  latter  being  2V4  in.  (70  mm.).  As  the  eccentric  is  keyed  at  a  lead-angle  of  24<>,  at  position 
VII  (corresponding  to  the  limit  of  variable  expansion),  the  piston  has  travelled  over  0.34  of  its 
stroke  of  6  ft.  (1828  mm.).  At  0.9  stroke  the  exhaust  valve  begins  to  open,  and  begins  to  close 
at  0.98,  when  the  piston  has  still  to  travel  8  in.  (203  mm.)  or  1  in.  (25  mm.)  to  complete 
its  stroke. 

The  Engine  is  fitted  with  a  surface-condenser  at  its  side,  which  also  forms  part  of  the  A 
frame.  The  vertical  pump,  2  ft.  6  in.  (762  mm.)  bore  and  18  in.  (457  mm.)  stroke  is  arranged 
at  the  side  of  the  latter,  and  is  driven  off  the  piston  cross-head. 


B.   Admission  valves  arranged  at  tlie  top,  and  exhaust  valves  fitted  to  the 

bottom  of  the  cylinder. 

a.  Harzer  Actlen-Oesellschaft 


gear. 


The    Harzer 
also  designed 


Formely  Thelen  &  Weydemayer  —  of  Nordhansen. 
(Type:   Hartung.) 

Actien  -  Gesellschaft    of   Nordhausen,     constructs  another    form    of  Valve- 
by    Mr.   Hartung.      On  comparing  Plate   58  with  the   annexed  wood -oats 
Pigs.  306   and  307,  this  valve-gear  will  be  seen  to  have  been  some- 
what altered  in  its  practical  application.    A  short  rod  Z  placed  cross* 
wise  over  the  cylinder,  and   supported  in  the   spring-pot  bracket|  is 
made  to  oscillate,  either  as  in  the  old  arrangement  by  means  of  a  lever 
off  its  eccentric-rod,   or  by  a  crank-rod  and  a  small  lay-shaft  running 
at  the  side  of  the  cylinder  and  simultaneously  regulating  the  admiswon 
and  exhaust  valves,  as  Pigs.  3  and  4  on  Plate  58  prove.    A  lever  L  is 
mounted   loosely  on  the  axle  Z,  which   gears  on  to  the  valvoHEipindle, 
the  same  shaft  also  has  the  lever  KKi  keyed  fast  to  it,  and  round  the 
lever-eye  z^  the  trigger  N  can  swivel.    The  latter  carries   a  projectioii 
n  or  a  steel-plate,   which  with  each  oscillation  of  the  shaft  Z  gears 
into   a  corresponding   catch  0  of  the  lever  L,    Consequently  with  the 
upward  rise  of  the  lever  KK^^  the  loose  fitting  lever  L  is  taken  up  by  the 
trigger  iV,  and  steam-admission  begins.   Simultaneously  the  prolongation 
of  the  trigger  N  moves  downwards,  and  as  it  fits  in  a  slot  of  a  rod  U 
under  governor  control,  it  is  stopped  in  its  motion  sooner  or  later 
according  to  the  governor  position,  whereas   the  supported  end  of  the 
trigger  continues  its  upward  motion.    The  trip-gear  n,  0,  becomes  dis«i- 
gaged,  so  liberating  the  lever  L  when  the  valve  is  pressed  upon  its  seating  through  the  spring  5 
With  increase  of  speed,  the  slot  in  the  bar  M  is  raised,  causing  disengagement  of  the  trip- 
gear  to  ensue  all  the  sooner,  an  earlier  cut-off  takes  place,  resulting  in  uniformity  of  the  engine- 
speed.    As  already  observed,  in  the  valve-gear  arrangement  shewn  on  our  Plate  58,  the  exhanrt* 
valves  are  also  worked  off  the  small  steer-crank.   The  exhaust  valve-lever  has  sufficient  play  in  the 
slot  of  the  valve-spindle,  as  to  allow  one  lever  to  do  no  work  whilst  the  other  is  lifting  the  spinil* 
and  vice  versa.    As  the  stroke-directions   of  the  two  crank-rods  are  perpendicular  to  each  o^^ 
a  range   of  expansion   between  0.0  and  0.9  stroke  is  obtained  with  only  one  eccentric  rod.    1^> 
if  the  exhaust-valve-gear  is  in  its  middle  position,  the  mechanism  of  the  admission-valve  is  in  its 
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extreme  position.  With  regards  to  the  dijBTerent  positions  taken  up  by  the  trip-gear,  these  are 
delineated  in  Fig  6,  Plate  58. 

The  Engine  shews  a  few  departures  from  ordinary  practice.  Thus  the  cylinder,  2  ft.  4  in. 
(710  mnu)  bore  and  4  ft.  (1240  mm.)  stroke,  rests  on  two  fl  formed  bed-plates,  connected  together 
and  extending  to  the  end  of  the  slide-bars,  so  also  forming  a  support  for  the  trunk-frame.  This 
anangement,  makes  the  engine  appear  very  high,  as  the  machine's  centre-line  is  thereby  considerably 
laised  (39  in.  a=  1000  mm.)  above  the  floor-line. 

The  steam  enters  the  valve-chest,  through  a  supply  pipe,  7  in.  (180  mm.)  diam.  or  ^/x^ 
piaten-area,  and  a  shut-off  valve.  The  exhaust-pipe  is  7%  in.  (200  mm.)  bore,  or  ^/^^^  the 
piston-area.  Fig.  4  shews  the  manner  in  which  the  Porter  governor  is  driven,  at  120  revs,  per 
muL  off  the  lay-shaft. 

b.  C.  £.  Rest  &  Co.  of  Dresden. 

On  Plate  XXV  Figs.  3 — 5,  the  reader  will  find  a  Valve-gear  illustrated,  which  has  been 
patented  by  Messrs.  C.  £.  Rest  &  Go.  Machinists  of  Dresden.  Fig.  3  displays  the  disengagement- 
gear,  whilst  Figs.  4  and  5  shew  the  arrangement  of  the  cylinder. 

A  is  again  a  lay- 
shaft,  parallel  to  the  piston- 
rod  and  driven  by  bevel- 
gear  off  the  crank-shaft. 
The  exhaust-valves  H  are 
worked  by  cams,  though 
an  eocentric  C  drives  the 
sion  valves.  The  eo- 
10  rods  BB  each  con- 
sist of  two  rail-pieces,  which 
slide  on  the  valve  motion- 
rod  E  and  in  the  slide  B 
whidi  is  firmly  bolted  to 
the  motion-rod;  simulta- 
neonsly  these  eccentric  rods 
BB  move  up  and  down 
with  the  rod  E.  The  rails 
cany  the  pin  b  as  centre 
to  the  bell-crank  M  N;  the 
aim  N  of  this  lever  plays 
between  the  rails  BB^  the 
spring  S  pressing  the  arm 
against  the  slide  I).  Our 
Fig.  3  is  drawn  represent- 
ing the  eccentric  in  an  ex-  ^*«-  *»•• 

treme  position.  If  the  shaft  A  be  now  supposed  to  revolve  in  the  direction  indicated  by  the  arrow, 
then  a  steel-edge  n  of  the  arm  N  will  gear  on  to  the  steel  plate  o  of  the  slide  2>,  so  pulling  the 
latter  down  and  consequently  opening  the  valve. 

An  ingenious  arrangement  admits  of  the  wide  range  of  0.0 — 1.0  stroke  being  obtained  for 
the  cut-off,  though  the  valve-opening  takes  place  whilst  the  eccentric  is  moving  at  its  quickest. 
This  arrangement  consists  of  the  following  mechanism:  Two  cam  spindles  rrj  are  fitted 
with  two  equal  toothed-segments  ZZj  in  addition  to  the  two  steel-cams  ppi  intended  for  working 
each  inlet-valve.   The  spindle  r^  also  carries  a  lever  R^  which  is  forced  by  a  connecting  link  to  take 
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part  in  the  motion  of  the  governor-collar.  The  slide  D  is  geared  so  long  by  the  trip-lever  JVT,  till 
it  becomes  disengaged  by  either  one  of  the  steel-cams  p  ox  pi\  in  the  position,  corresponding  to 
our  Fig.  3  this  wonld  only  take  place  after  the  completion  of  the  stroke.  The  working  action  of 
this  mechanism  will  be  understood  from  the  geometrical  relation  shewn  in  Fig.  308.  During  the  moving 
of  the  eccentric  from  position  I  up  to  nearly  II,  the  steel-catch  n  works  without  effect  =  e.  Position 
II  coincides  with  the  crank  on  its  dead-centre,  and  the  valve  will  consequently  begin  to  open.  During 
the  time  the  piston  attains  V20S  ^^  ^^^  stroke-travel,  the  eccentric  B  continues  to  move  away  from 
the  cam  P\  from  0.05  to  0.1  stroke  corresponding  with  position  III,  the  eccentric  approaches  very- 
slightly;  hence  the  work  attending  disengagement  is  divided  amongst  two  levers  N  and  M  stand- 
ing at  right  angles  to  each  other,  so  ensuring  a  uniform  action  of  this  mechanism.  The  simple 
lines,  marked  11 — V,  in  Fig.  308,  indicate  the  positions  of  the  lever  M  at  disengagement-moments 
between  0.0  and  0.5  stroke.  In  order  to  increase  certainty  of  action,  the  lever  N  already  comes 
into  play  during  the  last  named  limits,  inasmuch  as  it  is  released  from  the  cam  P  between  0.4 
and  1.0  stroke.  The  mechanism  has  also  been  represented  in  light  Hnes  in  positions  V — Ylll 
corresponding  to  0.5 — 1.0  stroke. 

By  giving  different  forms  to  the  four  cams  working  the  two  admission-valves,  equal  grades 
of  expansion  can  be  easily  secured  for  the  two  cylinder  ends. 

Our  woodcut  also  enables  the  extent  of  the  valve-lift  to  be  easily  calculated.  The  valve 
has  attained  its  maximum  lift  at  about  0.65.  Differing  from  other  valve-gears,  though  similar  to 
the  Valve-motion  of  the  '^Markische  Maschinenbauanstalt"  the  maximum  valve-lift  does  not  coin- 
cide with  the  limit  of  automatic  disengagement,  but  the  same  may  be  extended  to  nearly  fdll- 
stroke;  disengagement  must  however  take  place  at  full-stroke  at  the  latest,  otherwise  the  closing 
of  the  valve  would  only  occur  in  the  succeeding  stroke. 

c.  SocI6t^  de  THorme,  of  St.  Jnllen. 

The  Soci6t6  des  Fonderies  et  Forges  de  L'Horme,  were  represented  at  the  Paris  Inter- 
national Exhibition  of  1878,  by  a  pair  of  Pumping-Engines.  We  content  ourselves  with  illnstratiiqf 
the  most  interesting  part  of  this  Motor  (such  as  it  presented  itself  in  the  Valve-gear)  on 
Plate  48,  Figs.  1—8. 

The  lay-shaft  is  carried  parallel  to  the  piston,  and  is  driven  off  the  crank-Qhaft  by  a  pair  of 
equal  bevel-wheels,  as  will  be  surmised  from  the  cross-section  of  the  cylinder  (Fig.  1)  and  the  semi- 
elevation  of  the  cylinder  (Fig.  2).  The  steam-distributing  organs,  consist  of  four  equilibrium  valves; 
corresponding  to   these   we  have  four   eccentrics   keyed   on  the  lay-shaft.    The  exhaust-valve  ii 
worked   in   a  very  simple  manner  — -  vide  Fig.  6  —  by  eccentric  shewn  behind  in  Fig.  1  and  \fj 
a  bent  lever,   the  latter  moving   freely  in  a  slot  of  the   exhaust-valve  spindle,  when  the  exhanit 
valve  is  closed.    The  closing  of  the  valve,  is  ensured  by  spring  pressure  in  the  usual  way.    Tiia 
second   eccentric   opens   the   admission-valve  (Fig.  5),   whereas   the  instantaneous  closing    of  tfce 
latter  is  secured  by  a  spiral-spring  placed  under  control  of  the  governor,  a  disengagement  or  tdf 
gear  —  shewn  in  Figs.  7 — 8  —  contributing  hereto.    A  vertical  pillar  T  is   screwed  to   the  aide 
of  the  cylinder,  and  it  carries  twospindles.  The  longest  spindle  (t£?)  0/ the  two,  runs  along  thecylindflii 
,and  has  the  lever  R  keyed  on  it;  this  lever  communicates  with  the  governor.     The  shortest  spindSe 
carries  a  loose  lever  KK^^  one  arm  of  which  K^  is  rigidly  connected  —  vide  Fig.  1  —  witii  the 
valve-lever,  through  a  connecting-link.    The  other  arm  K  is  of  segment-form  with  a  steel-catsh  «; 
a  trigger  n  is  forced  into  giear  with  the  latter  by  a  spring  S  as  shewn  in  Fig.  7,  and  this  trigger 
is  centred  on  a  lever  LL  receiving  a  rocking  motion  from  the  eccentric-rod. 

The  position  of  Fig.  7  would  result  when  the  corresponding  eccentric  was  at  its  extrea^ 
point;  consequently  the  lever  Ki  would  be  made  to  articulate,  owing  to  the  trigger  gearing  on  to 
it,  and  the  valve  would  thus  be  opened.   During  this  oscillation,  the  bent  horn  N  of  the  tngp^ 
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lever  strikes  at  some  time  or  other  (corresponding  to  the  cut-off)  against  the  cam  r  which  is  under 
governor-control,  and  is  keyed  on  the  upper  spindle  of  the  pillar  T.  Disengagement  of  the  trigger^ 
gear  ensues,  and  instantaneous  closing  of  the  valve  takes  place.  As  the  inlet  and  exhaust-valves 
have  each  their  separate  eccentrics,  the  admission  eccentric  may  be  keyed  under  any  angle  to  the 
Grank;  it  is  however  advisable  to  allow  its  mean  position  to  coincide  nearly  with  the  dead-centre 
of  the  crank,  in  order  to  obtain  a  rapid  lift  of  the  valve.  But,  as  contact  between  the  horn  r 
and  trigger  lever  N  only  takes  place  in  one  direction,  the  limit  at  which  automatic  disengage- 
ment can  ensue,  is  thereby  reduced  to  between  0.0  and  0.43  stroke.  If  the  governor  has  not  then 
effected  disengagement,  the  admission  of  steam  continues  to  0.82  stroke.  The  valves  lift  to  the 
extent  of  Vain«  (15  mm.)  with  a  normal  expansion  rate  of  0.15,  and  the  steam  attains  a  velocity  of 
82  ft.  (25  m.)  per  sec. 

The  construction  of  the  cylinder,  shews  a  diameter  of  15%  in.  (400  mm.)  and  a  stroke  of 
31Vs  in*  (800  mm.).  Jacket  and  cylinder  are  cast  in  one  piece.  To  reduce  the  clearance  space, 
the  inlet-valve  has  been  lowered  half-way  into  the  end-jacket,  the  cylinder-cover  taking  up  the 
remaining  cavity.    The  valves  are  of  cast-iron,  with  steel-spindles. 

The  pumping  capacity  is  calculated  to  raise  7063  cub.  ft.  (200  cubic  metres)  148  ft.  (45  m.) 
high,  with  the  crank  running  at  60  revs,  per  min. 

d,  A.  MOiler  of  Holzmindem 

On  Plate  XXXII  (Figs.  1—3)  we  illustrate  the  Automatic  Variable  Expansion-gear,  pa- 
tented by  the  late  Mr.  A.  Holler  of  Holzminden. 

The  admission-valves  are  placed  on  the  top  of  the  cylinder,  and  in  the  drawing  before  us 
—  Fig.  2  —  we  see  the  inlet  valve  driven  off  a  cam  C  keyed  on  a  lay  shaft  A  running  at  equal 
speed  with  the  crank-shaft.  The  rod  E  partly  suspended  on  the  link  J  and  partly  on  the  lever 
S  has  a  small  roller  at  its  foot,  which  is  thus  kept  rolling  on  the  cam  surface.  As  the  forked 
lever  L  articulates  on  the  same  centre  1)  as  the  lever  J3,  the  oscillations  of  the  latter  are  com- 
mnnicated  to  it,  its  upward  rising  motion  lifting  the  admission  valve-spindle  F,  This  spindle  is 
connected  with  the  lever  /?,  by  what  its  inventor  is  pleased  to  call  a  "lock".  The  latter  is  com- 
posed of  the  following  pieces:  The  link  K  connecting  the  lever  L  with  a  trigger  N  attached  to  a 
£a8t  collar  P  on  the  valve  spindle:  then  we  find  the  tappet  U  furnished  with  a  steel  catch-plate 
o^  which  is  always  kept  horizontal  by  a  spring  a  attached  to  link  K.  Pig.  2  shews  this  mecha- 
nism locked;  consequently  the  valve  will  be  lifted,  until  the  tappet  U  strikes  against  a  pawl  r 
placed  above  it,  when  this  tappet  will  yield  to  the  opposing  pressure  of  the  pawL  Disengagement 
between  n  and  N  is  thereby  caused,  and  cut-off  ensues,  whilst  the  lever  L  continues  its  motion. 
The  pawl  r  is  connected  with  the  governor  collar,  through  the  spindle  12,  and  the  levers  MM^. 

The  lock  assumes  the  form  shewn  in  Pig.  3,  when  the  lever  L  moves  downwards,  to  lock 
(engage)  this  trip-gear.  PoUowing  the  movement  of  i,  the  link  k  is  similarly  lowered,  the  edge  n 
strikes  against  the  catch-plate  o  and  forcing  down  the  latter,  locks  itself  behind  it  through  the 
pressure  of  the  spring  a.  If  the  lever  L  now  begins  to  ascend,  the  valve  is  opened  after  its 
**dead"  (ineffective)  motion  is  completed. 

The  form  of  the  cam  C  was  designed  to  offer  a  sufficiently  wide  opening  for  the  steam- 
^dixiiggion  at  V,o«5  stroke.  Prom  this  point,  the  mechanism  rises  but  slightly,  though  uniformly 
^til  the  piston  has  nearly  completed  its  stroke.  During  the  end  of  the  stroke,  a  somewhat 
^^xe  rapid  rising  movement  takes  place,  so  as  to  ensure  disengagement  taking  place,  even  should 
^^  pawl  r  be  at  its  highestposition.  If  the  valves  are  closed,  and  the  Engine  has  to  be  started, 
^^  pin  z  is  pulled  out,  and  the  trip-gear  is  then  locked  by  means  of  the  hand-lever  X\  subse- 
quently this  lever  X  is  raised,  and  consequently  the  valve  lifted,  so  that  the  bolt  z  may  again  be 
^Berted  in  its  place. 
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e.  E.  KSUg,  of  Nordhansen. 

We  will  describe  Konig's  Automatic  Variable  Expansion-gear  by  mei^is   of  the  annexed 

woodcuts  Pigs.  309—311. 

The  tappets  d  are  keyed  fast 
on  the  spindles  z  and  Zi  which  reoeive 
their  motion  from  an  eccentric  and  from  the 
levers  A  A.  The  ends  of  these  tappets  gear 
on  to  triggers  N  placed  in  slots  in  the 
valve-spindle,  and  thus  raise  the  valves. 
The  lower  end  of  the  governor  lii£k- 
work  has  a  vertically  sliding  blook  R 
attached,  having  two  inclined  slots  for 
the  purpose  of  taking  in  the  disengage- 
ment-links r.  The  valve -motion  then 
takes  place  in  the  following  manner:  Pte- 
suming  the  crank  is  on  its  dead-centre, 
then  (leaving  the  lead  out  of  the  question) 
the  trip-gear  is  engaged.  With  the  con- 
tinued travel  of  the  piston,  the  valve 
is  lifted  so  long  by  the  tappet  <2,  till 
its  end  is  forced  out  of  gear  by  the  dis- 
engagement rod  r,  when  the  valve  is 
forced  rapidly  back  on  its  seat,  by  the 
spring  S. 

With  the  return  stroke  of  the 
piston,  the  valve  remains  closed,  till 
shortly  before  the  commencement  of  the 
next  stroke,  the  trigger  N  falls  into 
gear  with  the  tappet  rf.  If  the  engine- 
speed  increases,  the  rising  governor- 
balls  lift  the  block  R  so  forci|ig  out- 
wards the  disengagement  rods  22,  which 
naturally  implies  earlier  disengagement 
of  the  trip-gear,  or  an  earlier  out-oft 

Our  woodcut  Pig.  309,  shews 
the  adoption  of  two  eccentrics  for  the 
admission  (Xe)  and  for  the  exhaust  valve  (X  a),  the  position  of  which,  when  the  crank  JT  is  in  its 
middle  position  is  illustrated  in  Pig.  311. 


/.    Crespln  &  Marteau,  Engineers  of  Paris. 

The  Engineering  Pirm  of  Messrs.  Orespin  &  Marteau  of  Paris ,  were  represented  by  a 
Horizontal  Condensing  Engine,  which  presented  a  novel  external  valve-gear  mechanism.  We  il- 
lustrate this  arrangement  on  Plate  59. 

The  fundamental  idea  underlying  this  construction,  was  the  attainment  of  a  variable  ex- 
pansion-gear from  0.0  to  1.0  stroke,  by  using  only  one  organ  for  the  four  valves.  But  aa  in  tlus 
instance  the  motion  of  the  gear  is  obtained  at  once,  that  is  to  say,  is  not  composed  of  two  er 
more  motions  as  in  the  Sulzer- valve-gear  of  1878  —  see  pg.  215  — ,  means  have  to  be  provided 
to   close  the  exhaust-valves  instantaneously  at   the   end  of  the  stroke,  when  they  are    at  their 
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highest-lift;  for  the  latter  have  only  one  direction  during  the  piston-stroke.  The  sudden  shutting 
off  of  the  exhaust-valves  is  effected  hy  a  trip-gear  arranged  with  a  constant  disengagement-period. 

Still,  in  order  to  obtain  as  great  an  opening  of  the  valves  as  possible  already  with  the 
oommencement  of  the  stroke,  a  cam  is  used  in  place  of  an  eccentric.  The  form  of  the  latter  is  shewn 
on  an  enlarged  scale  in  Figs.  6  and  7.  As  represented  in  Fig.  6,  the  cam  is  drawn  in  the  same  po- 
ntion  as  our  elevation  and  plan  of  Engine,  and  the  piston  is  then  half-way.  After  a  quarter  re- 
vdntion  of  the  cam,  the  latter  receives  a  somewhat  accelerated  motion,  so  as  to  be  certain  to 
cfieot  disengagement  of  the  trip-gear.  At  this  moment,  the  whole  arrangement  is  in  its  extreme 
position,  and  consequently  the  piston  at  its  stroke-end.  If  we  suppose  the  cam  to  continue  turning, 
tlMB  on  aocount  of  its  symmetrical  form,  a  short  accelerated  return-motion  will  ensue;  the  me- 
AsMism  then  adopts  the  normal  crank-speed,  till  the  next  change  of  stroke. 

Fig.  5  shews  the  trip-gear,  which  is  the  same  both  for  the  admission*  and  the  exhaust- 
valyes;  our  drawing  represents  specially,  the  trip-mechanism  of  the  hind  inlet- valve. 

The  rod  attached  to  the  frame  gliding  on  the  cam,  is  linked  to  a  double  lever  placed  at 
the  side  of  the  engine-frame;  the  upper  and  lower  arms  of  this  lever  drive  respectively  the  ad- 
mission and  the  exhaust  valves. 

Two  sleeves  J?,  each  furnished  with  a  trigger  iV,  are  linked  to  the  upper  arm  of  this 
lerer  A^  and  these  sleeves  slide  on  a  cylindrical  rod  &,  suspended  on  the  bell-crank  L  of  the  valve- 
spindle.  This  rod  G  carries  a  steel  catch-plate  o,  by  means  of  which  it  is  moved  when  the  latter  (o) 
is  in  gear  with  the  trigger  N;  this  motion  of  the  rod  G  is  naturally  transmitted  through  the  bell- 
crank  X  on  to  the  valve-spindle ,  so#  opening  the  valve.  The  other  arm  of  the  trigger  N  comes 
sooner  or  later  in  contact  with  a  projecting  pin  r  under  governor-control,  so  effecting  disengage- 
ment of  the  trip-gear.  Pig.  5  shews  the  trip-gear  mechanism  out  of  gear.  The  only  difference 
heceto,  to  be  observed  in  the  exhaust-valves,  is  that  the  sleeves  are  placed  side  by  side,  and  the 
tappals  r  are  rigidly  fixed  to  the  engine-frame. 

The  distribution  of  the  steam  is  clearly  explained  by  our  Fig.  4.  The  valves  a  and  d 
continue  to  lift,  when  the  piston  is  half-way  on  its  stroke,  whilst  the  valves  h  and  c  are  at  rest 
though  their  corresponding  triggers  are  approachiug  nearer  and  nearer  to  the  catch-plates,  ultimately 
gearing  on  to  the  latter. 

A  spedal  advantage  of  this  mechanism,  is  that  tiie  Engine  allows  itself  to  be  reversed 
at  once;  for  this  purpose,  the  triggers  about  to  come  in  gear  need  only  be  disengaged,  (when  the 
corresponding  valves  are  thereby  closed),  and  the  other  rods  are  then  pushed  up  so  far  that  the 
respective  trigger  may  gear  on  to  its  catch-plate.  The  steam-distribution  to  the  cylinder  becomes 
thus  reversed,  and  the  Engine  assumes  a  contrary  working-direction.  The  cam  is  set  with  an  ec- 
centricity of  180*  exactly  opposite  the  crank.  The  diameter  and  stroke  of  the  cylinder  of  this 
£ngine  were  respectively  11%  in-  (300  mm.)  and  1  ft.  11V«  in.  (600  mm.).  The  arrangement  of 
the  valves  is  illustrated  in  Fig.  3. 


C.    Valves  placed  above  the  cylinder. 

a.    H.  Borgsmiiller,  Hofstede  nr.  Bochnm. 

In  the  patented  Valve-gear  of  Mr.  Borgsmtiller,  illustrated  on  Plate  XXX  (Pigs.  6  and  7), 
four  cams  CCi  are  keyed  on  a  lay-shaft  A  driven  at  equal  speeds  with  the  crank-shaft;  these  four 
cams  give  motion  to  the  four  valves  placed  over  the  cylinder.  The  admission  valves  are  worked 
off  the  two  double  levers  B  B^  and  iij,  which  are  supported  on  a  pillar-stand  T,  The  arms  B 
ajid  Li  are  coupled  together  by  an  adjustable  rod  E.  A  counterweight  added  to  the  arm  J?i, 
canses  the  roller  r  of  the  arm  B  to  continually  glide  over  the  cam-surface,  whereby   an  up  and 
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down  motion  is  given  to  the  lever^arm  i.  The  end  of  the  latter  which  passes  through  a  slot  in 
the  valve  spindle,  carries  a  trigger  N  in  the  form  of  a  bell-crank,  which  owing  to  the  spring- 
pressure  8  gears  on  to  the  valve-spindle  itself.  With  the  falling  motion  of  the  rod  5,  the  lifting 
of  the  lever  arm  L  and  of  the  valve  consequently  ensues.  A  tappet  E  is  placed  over  the  trigger 
N  and  is  keyed  on  a  spindle  W  supported  by  the  pillar-stand  T.  This  tappet  is  under  govemo^ 
control,  and  according  to  its  position,  disengagement  is  effected  sooner  or  later,  upon  which  the 
valve  is  closed.  With  the  downward  motion  of  the  trigger  JV,  which  takes  place  owing  to  the 
counterweight  on  B^^  the  trigger  N  falls  into  gear  with  the  spindle. 

The  exhaust  valves  are  worked  similarly,  excepting  the  trip-gear.  The  swing-centre  Zj 
of  the  lever  KK^  is  also  on  the  pillar-stand  T.  By  the  simultaneous  rotation  of  the  four  cama^ 
the  Engine  becomes  reversed.  The  former  are  mounted  on  the  sleeve  A^  of  the  lay^shaft  ^;  thii 
sleeve  is  moved  by  the  lever  X  and  cannot  slide  side-ways  on  the  lay-shaft. 
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D.   Engines  fitted  with  Combined- Valve-gears. 


L     Engines  working  witli  Main-slide  and  Expansion-valve. 

Valve-gears  working  with  tlie  Expansion-valve  placed  apart  fi'om  tlie  Main-slide* 

a,   J.  J.  Meyer  of  HQlliausen. 

As  soon  as  the  advantages  of  Automatic  Variable  Expansion  gears,   presented   themselves 

the  Engineering  public,  many  practical  men,  tried  to  impart  these  advantages  to  the  old  Engine- 

^es,  which  were  then  merely  working  with  the  ordinary  slide.  In  certain  cases,  these  attempts  met 

ith  much  success,  though  all  the  main  characteristics  of  Automatic  Variable  Expansion-gears  could 

mr  be  obtained,    inasmuch  as  the  long  steam^passages  with  their  large   clearance  spaces  could 
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not   be  obviated,   so  that  the  Biraultaneous  ex- 
pansion of  the  steara  in  the  valye-chest  etc,  still 
took    place.     As  all  the  attempts  made  in  this 
direction,    are  more    or  less   based   im  Meyer's 
Expansion  Valve*gear  type,   we  begin  thi^  last 
section   of  our  ^^Corliss-engine"  Work  with  the 
latter,  and  illustrate  the  same  by  Fig.  312. 
lie  piston  rod  J?,  is  moved  twice  with  every  crank-revolution  by  a  conical  sleeve  N.    This 
f^Totates  with   the  governor  spindle  R,  but  has   also  a  vertical    slide    which  effects   the  va- 
bleness  of  the  cut-off.    We  may  conveniently  describe  the  mechanism  introduced  for  this  purpose, 
referring  to  the  improved  Meyer  Valve-gear  illustrated  in  Figs.  313  and  314. 


tJlilftiid-Tnlliiiiiton,  Corlisii-on^iiea. 
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The  main-slide  G  receives  its  motion  from  the  slide-rod  J  in  the  ordinary  way  from  an 
eccentric,  so  that  following  the  inscribed  arrow,  steam  is  being  admitted  on  the  top  side  of  the 
piston  jE,  expansion  due  to  the  slide-motion  alone,  would  only  occur  towards  the  stroke-end.  The 
valve-chest  A  is  furnished  with  an  equilibrium  valve  E  placed  under  control  of  the  governor,  so 
as  to  effect  automatic  variable  expansion.  But  as  the  steam  has  to  be  cut-off  twice,  during  each 
revolution  of  the  crank,  the  valve  E  is  raised,  and  lowered  twice  in  the  corresponding  time.  This 
equilibrium  valve  is  driven  by  the  governor-spindle  R  which  rotates  at  equal  speed  with  the 
crank-shaft.  The  lower  portion  of  the  collar  M  has  a  sleeve  Ny  the  weight  of  which  is  balanccfd 
by  the  counterweight  P.  This  sleeve  N  is  furnished  with  cams,  set  diametrically  opposite  each 
other,  the  form  of  which  is  shewn  in  Fig.  314;  the  edge  of  these  cams  is  designed  to  allow  a  va- 
riable expansion,  between  a  range  of  0.25  and  of  0.7  stroke.  Consequently,  vdth  each  revolution,  the 
roller  r  gliding  on  the  cam-surfaces,  will  be  pushed  twice  forwards  and  backwards.  This  motion, 
transmitted  as  it  is  through  the  bell-crank  ii|,  causes  the  valve  E  to  lift  and  close  accordingly. 
A  spring  S  facilitates  the  closing  movement  of  this  valve.  It  is  evident  that  a  vertical  slide  of 
the  sleeve  N  will  bring  about  a  variable  cut-off,  and  as  the  sleeve  is  worked  up  and  down  by 
the  governor,  automatic  variable  expansion  is  obtained. 


h.  Umpherstone  &  Co.,  Engineers  of  Leith. 

The  somewhat  peculiar  expansion-gear,  represented  in  the  annexed  Pigs.  315  and  316  has 
been  applied  by  Mr.  Wm.  Umpherstone  even  to  large  sized  engines.  It  consists  of  a  double-piston 
expansion  valve  JE,  which  is  brought  twice  on  its  seatings  during  each  stroke,   cutting   off  steam 

-^-"1  at  a  fixed  portion  of  the  stroke 

..  m  A  during  uniform  speeds.     On  tiie 

other  hand,  if  the  engine  speed 
becomes  considerably  increased, 
it  remains  closed  on  account  of 
its  connection  with  the  governor, 
and  merely  resumes  to  work 
when  the  engine  is  running  at 
its  normal  speed.  It  remains 
open,  on  the  contrary,  if  the  en- 
gine-speed is  continually  dimi- 
nishing, in  which  extreme  oase, 
the  steain  is  only  cut-off,  by  tiis 
distributing-valve. 

The  expansion  -  valve  £ 
is  worked  from  an  eccentric  i, 
keyed   on  the  governor -spindk 
R  which  for  every  revolution  of  the  crank,  makes  two  revolntioiit. 
The  eccentric-rod  B  imparts  in  the  first  place,   a  constant  move- 
ment to  the  lever  C'Ci,  and  so  long  as  the  catches  n  are  in  gear 
with  each  other,  this  reciprocating  movement  is  transferred  on  to 
Fig.  815.  the  bar  iV,   to  be  thence  transmitted   to  the  lever  K  with  which 

the  double  seated  expansion  valve  E  is  rigidly  connected  by  the  crank-lever  L  ij  and  rod  F. 
The  placing  in  and  out  of  gear  of  the  nibs  n  is  controlled  by  the  governor,  as  the  rod  N  is-  at* 
tached  to  the  lever  D  leading  to  the  governor  collar,  by  the  link  U.  The  high  flying  of  the 
governor-balls,  brings  the  nibs  n  clear  of  each  other,  which  corresponds  to  a  shutting  off  of  the 
valve  J?,  until  the  lever  N  is  sufficiently  lifted  by  the  governor,  as  to  permit  the  rocking  motion 


Fig.  316. 


249 

of  the  lever  C  to  be  again  transferred  to  the  lever  iV^  If  on  the  other  hand^  the  lever  iV  becomes 
raised  above  its  central  position,  then  a  second  nib  o,  strikes  against  the  catch  J,  by  which  it  is 
eventnally  canght,  so  preventing  the  retnm-movement  of  the  lever  or  the  closing  of  the  valve. 
The  nibs  o  keep  the  expansion-valve  out  of  gear  when  the  engine  is  either  going  very  slow  or  when 
it  is  being  started.  The  catch  J  is  rendered  adjustable  by  the  set-screw  5.  The  steam  now  continues 
to  enter  the  cylinder  till  the  slide-valve  G  shuts  off  the  ports,  the  valve  E  only  again  coming  into 
aotioii  when  so  compeUed  by  the  governor. 

The  working  of  this  valve-gear  requires  very  little  power  from  the  action  of  the  governor 
balls  nor  is  the  governor  subjected  to  counter-shocks.  With  comparatively  uniform  steam-pres- 
snies  and  loads,  the  link-gear  can  be  so  adjusted,  that  the  expansion-valve  E  may  only  miss 
eoming  into  play  once  during  ten  or  twenty  revolutions  of  the  crank. 

The  Translator  may  add  that  the  faces  of  the  nibs  n^  were  stepped,  thus  // ,  to  give  a 
variable  amount  of  opening  to  the  cut-off  valve,  in  addition  to  the  full  shut  and  open  action.  This 
arrangement  of  Cut-off  gear,  has  however  now  been  discontinued,  Mr.  Wua.  Umpherston  having 
lately  designed  a  variable  action  for  the  expansion  valve,  providing  the  latter  with  a  positive 
shutting  movement 

c.  K  R.  d;  F.  Turner,  Engineers  of  Ipswich. 

Though  the  abolition  of  small  boilers  and  engines  has  been  recently  mooted  in  Engineering 
ciroleSi  a  long  time  will  necessarily  elapse  before  this  change  takes  place.    It  is  true  the  energy 
with  which  the  Americans  are  at  this  present  time  working  out  the  means  of  supplying  our  towns 
witti  a  common  source  of  power,  and  the  success  which  has  hitherto   attended   their   attempts   in 
the  laying  down  of  underground  lines  of  steam  piping,   may  possibly  hurry  on   the  era,  when   all 
stssB  users  in  large  cities  will  obtain  their  power  in  a  convenient  form,  whenever  and  wherever 
reqidred,  at  a  fixed  and  reasonable  charge,  with  no  other  trouble  than  the  turning  on  of  a  steam- 
cook.     But  even,  when  all  this  has  been  accomplished,  the  present  steam-engine  construction  will 
still  have  to  be  resorted  to,  for  converting  the  steam  into  work,   and  certain  it  is,  that  if  by  this 
diange,   engine  and  boiler  makers  might  lose  one  of  their  sources  of  profit  through  the  probable 
dispensation  of  boiler  power,  yet,   on  the  other  hand,  it  may  be  reasonably  expected  that  a  larger 
demand  for  engines  will  ensue,   owing  to  the  convenience  of  obtaining   driving   power.    Thus,   at 
the  present  time,  owing  to  the  goat  extravagance  in  coal  entailed  by  small   boilers,   requiring  as 
they  do  almost  as   much   attention    as   large   ones   to   keep  them   at  work,   etc.,  we  seldom  find 
very   small   engines   employed;    for,   where   only   small   power  is    required,   it  is   generally   sup- 
plied  by  human  labour,   or  what  is    still    more    common,  '  the   operations    which    require   power 
are  transferred  to  some  place,  where  power  can  be  obtained.    On  the  other  hand,  let  us  afford  the 
smallest  power-requirer,  cheap  means  of  obtaining  a  constant  steam  supply,   without  in   any  way 
entailing  upon  him  the  trouble  and  expense  of  generating  steam,  and  it  may  be  reasonably  expected 
that  he  will  "go  in"  for  a  Steam-Engine,  where  at  present  he  would  entertain  no  such  idea;  there- 
fore, if  our  engine  makers  should  be  sufferers  from  an  eventual  absence  of  orders  for  boilers,  they 
may  reasonably  expect  an  increase  in  the  demand  for  their  engines.   It  is  likely,  that  the  Future 
may  somewhat  qualify  this  remark,  especially  if  the  present    efforts  that  are   being  made   in   the 
conveyance  of  power  from  Nature's  quiet  domains  into  our  busy  industrial  centres,  are  aUowed  to 
become  more  economical  in  their  practical  application,  than  our  small  Steam-engines.     It  is  per- 
haps needless  to  observe,  that  the  latter  are  already  receiving  much   opposition   from  Gas-motors, 
owing  to  the  forementioned  reasons,   but  let  us  hope  that   this   evident   competition,  will  aU  the 
more   stimulate  our  Engine-builders,  not  to  be  beaten  in  the  race  for  supremacy.     On  various  oc- 
casions,  the  writer  of  these  lines  has   discussed   the  far  greater  importance  which  small  engines 
may  hold   in  the  Future.    As   this   subject  is   specially  interesting   to  Steam-engine   makers,   the 
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Translator  may  here  briefly  recapitulate  the  views  conveyed  by  hiEi  to  several  of  the  home  and 
foreign  technical  journals:  It  may  be  taken  for  granted,  that  most  of  the  Mill  break-downs  are 
attributable  to  the  system,  that  is  at  present  in  vogue  for  mill  driving.  If  we  consider  the  seritiw 
consequences  which  happen,  if  the  prime  motor  is  disabled  from  working,  we  shall  find  in  li- 
tnations  where  only  one  large  steam  engine  is  employed  for  driving  purposes,  that  its  disablement 
carries  with  it  the  stoppage  of  the  entire  milL  It  frequently  happens  without  one  word  of  warn- 
ing, that  a  heavy  and  powerful  engine  is  made,  almost  in  a  moment,  a  complete  wreck,  the 
cause  of  the  disaster,  being  often  only  a  conjecture,  and  at  other  times,  remaining  a  complete 
mystery.  To  make  matters  worse,  engine  break-downs  are  as  common  and  as  disastrons  in  new 
mills  as  in  old  ones.  There  are  unquestionably  many  mills,  that  work  on  year  after  year,  without 
almost  any  stoppage;  this  would  seem  to  show,  that  if  some  errors  of  constniction  or  arrangeis^iil 
are  avoided,  safety  may  be  secured.  Other  objections  may  be  raised,  against  the  prevalent  one* 
engine  driving  system,  inasmuch  as  much  idle  needless  weight  (requiring  special  heavy  fixturei) 
has  to  be  driven  along  with  the  work-performing  machinery.  Looking  at  all  the  **pros  and  com" 
of  the  question  involved,  the  bold  idea  suggests  itself,  whether  it  would  not  be  more  advantag^m 
to  have  either  a  number  of  small  engines  placed  at  certain  distances,  to  work  an  entire  miU,  or  to 
make  one  engine  drive  one  or  two  floors  separately.  En  pmsant^  we  may  observe,  that  this  ten- 
dency of  becoming  more  and  more  independent  of  one  motor  is  daily  gaining  ground,  for  to  qnott 
only  (me  example  we  see  that  the  ponderous  Steam-pumps  *—  much  resembling  the  Steam  engiiM 
in  their  working,  and  one  of  which  in  former  years  was  made  to  drain  one  mine  —  are  being 
more  and  more  replaced  by  a  number  of  smaller  pumps  fed  by  one  or  more  ateam  boilers*  b 
fact  we  need  not  go  farther  than  our  own  mills  to  notice  the  same  tendency ;  for,  what  do  it 
now  furnish  our  steam  boilers  with  check- valves  for,  but  to  make  them  independent  of  each  otJur, 
80  that  if  damage  accrues  to  one,  the  remainder  majr  not  he  affected  by  such  injuryi  but  still 
continue  to  work. 

Again,  it  has  been  rightly  observed,  that  there  are  many  advantages  in  merely  having  oi» 
Steam-engine  to  drive  a  Factory,  but  generally,  it  must  be  so  large  and  heavy,  and  move  such  i 
considerable  load,  that  with  a  constant  risk  of  breakdowns,  if  a  breakdown  happens,  it  is  almoit 
sure  to  be  serious  one,  though  there  are  sometimes  miraculous  escapes.  There  would  be  mMf 
advantages,  as  well  as  disadvantages,  in  having  several  steam  engines  instead  of  one  only,  u 
for  instance  one  on  each  story.  At  first  sight,  it  might  appear,  that  such  a  plan  would  only  anl- 
tiply  the  chances  of  breakdowns,  but  we  must  remember,  that  breakdowns  of  steam-engines 
not  continually  happening  in  the  same  mill,  and  a  steam-user  —  if  he  is  lucky  —  may  only 
perience  one  grand  smash  in  his  life.  When  his  turn  comes,  his  factory  is  stopped,  at  a  modi 
estimate,  for  three  months,  and  the  expense  of  stopping,  will  about  equal  the  expense  of  his 
steam-engine,  besides  all  his  hands  being  thrown  out  of  work,  in  addition  to  the  responsibility 
taching  to  previous  oontracts  entered  into!  The  breakage  of  one  of  the  smaller  engines,  if 
were  to  happen,  would  be  a  very  trifling  matter  in  comparison.  It  should  be  remembered  tofl* 
that  if  big  steam  engines  are  not  necessarily  always  smashing  up,  they  are  continually  aitoppiiif 
for  one  thing  or  other,  perhaps  every  month  for  some  trifling  accident.  It  may  be,  that  some  bw* 
ing  in  the  factory  has  become  hot,  or  that  a  drum  has  come  loose,  or  some  small  wheel  on  ti< 
shafting  may  have  slipped  out  of  gear,  or  a  strap  may  have  lapped ;  but  from  whatever  njawR, 
the  whole  factory  must  stop  until  it  is  set  to  rights.  Again,  it  may  happen  that  some  part  of  tk 
factory  may  he  required  to  work  now  and  then  without  the  uther  parts;  yet  with  one  engiaai  ill 
the  gearing  of  the  factory  has  to  be  turned,  however  little  of  it  you  may  want 

In  putting  forth  this  suggestion,  we  must  not  be  understood  as  implying  to  place,  the 
gines  each  in  connection  with  small  boilers,  for  the  latter,  as  is  well  known,  are  extremdy  ttrtli' 
vagant  in  coal,  and  require  almost  as  much  attention  as  large  ones  to  keep  them  at  work;  befiJ<« 
they  entail  dirt  and  much  inconvenience,  so  that  we  should  suggest  that  the  present  boiler  wy^Am 
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be  retained  in  the  boiler-house,  and  that  steam  Ethould  }jc  conducted  to  each  engine  by  a  service 
of  well  protected  pipes*  That  the  engines  required  need  only  be  of  small  power  may  be  conjee" 
tared  when  it  is  remembered  that  approximately  one  nominal  horse-power  will  drive  in  a  Cotton 
mill  for  instance,  inclusive  of  the  prepart^tory  frames  either  500  mule  (60^ — 80's)  or  375  self-actors 
(60'8),  or  250  throstle  (30— 40s)  spindles,  or  16  calico  looms.  Naturally  the  more  engines  are  in- 
troduced the  smaller  they  need  be,  though  the  most  economical  number  from  a  manufacturers' 
point  of  view  will  necessarily  vary  in  each  going-concern.  The  introduction  of  sraaU  steam  engines, 
into  our  industrial  centres  appears  therefore  to  have  a  future,  w^hich  will  be  hastened,  the  more 
our  small  steam-motors  are  perfected  and  made  to  work  with  greater  steam  economy! 

All  the  foregoing  remiirks  seem  to  prove,  that  the  small  steam-engine  promises  to  have  a 
larger  future  demand  in  store,  and  the  horizontal  and  vertical  arrangements  represented  by  our 
annexed  wood-cuts  may  with  many  others  described  in  these  pages  receive  attention  at  the  hands 
of  small  steam  users,  besides  recommending  themselves  as  auxiliaries  where  larger  powers  are 
required.  Our  Pig.  317  give  perspective  view  of  the  vertical  and  horizontal  arangements  of  the  so- 
oalled  Gippeswyk  engine.  A  front  elevation  of  the  vertical  type,  with  governor  attachment  shown 
in  section,  is  represented  in  our  Fig.  318. 

From  these  engravings  it  will  be  seen,  that  very  little  diffe- 
rence exists  in  the  constructive  details  of  the  vertical  and  horizontal 
engine  types,  excepting  it  be,  that  in  the  latter,  two  foundation  pe- 
destals are  introduced  in  the  jdace  of  the  one  in  the  vertical  arran- 
gement, and  that  the  governor  is  placed  perpendicularly,  instead  of 
being  in  line  with  the  steam  inlet  valve  spindle,  working  the  latter 
in  this  case  by  a  lever  bracket;  the  following  description  of  the  ver-  *«*^^»*topk" 
tical  type  will  therefore  answer  in  other  respects  for  the  horizontal 
arrangement  as  well.  The  steam  cylinder  is  bolted  to  the  end  of  a 
fork-shaped  cast-iron  framing,  and  thus  when  erected  apart  from  its 
boiler  is  secured  to  the  hollow  bed. 

The  forked  frame,  has  the  further  advantage   of   ensuring  a 

.perfect  concentric  boring  of  the  guide  slides  with  the  cylinders, 
which  point  is  so  very  important  for  ensuring  the  truthful  and  easy 
working  of  every  engine.  The  crank-shaft  bearings  are  carried  by 
the   prongs  of  the  upright  framing,   and   are  also  provided    with   an 

I  improved  wedge-adjustment.     Two  separate  eccentrics  placed  on  one 

Iride  of  the   engine,    drive  the    feed*pump  and    slide-valve,   and  the 

I  bed-plate   holds  the  engine  sufficiently  high  as  to  dispense  with  fly- 

[  wheel  race,  or  further  bed-packing.  The  crank-shaft  is  of  wrought  iron,  and  is  sufficiently  long  to 
cany  a  pulley  at  the  opposite  end  of  the  fly-wheel  Motion  to  the  governor  is  imparted  by  bevel 
gearing  from  the  crank-shaft,  and  the  governor  itself  is  combined  with  the  starting  valve,  which 
acts  also  as  an  expansion -valve.  The  ordinary  governor-balls,  as  will  be  from  Fig,  320  seen,  ai*e 
enclosed  in  a  hollow  sphere,  w^hich  rises  and  falls  as  the  balls  expand  or  contract  by  increase 
or  diminution  of  the  speed.  The  rise  of  the  hollow  sphere  closes  the  steam  inlet  valve  to  the 
cylinder  and  checks  the  speed,  while  its  w^eight  causes  it  at  once  to  drop  and  re-open  the  supply 
valve  at  the  instant  the  speed  is  in  the  slightest  degree  diminished.  The  makers  (Messrs. 
E.  R.  &  F.  Turner,  of  Ipswich),  have  supplied  ^us  with  the  following  more  detailed  description  of 
this  governor:  The  steam  pipe  from  the  boiler  is  jointed  to  a  small  casing  containing  an  equili- 
brium valve  which  controls  the  admission  of  steam  to  the  cylinder.  The  spindle  of  the  equili- 
biinm  valve  just  mentioned  passes  through  a  stuffing-box  at  the  bottom  of  its  casing,  and  is  oon* 
nected  by  a  screwed  socket  and  lock  nut  to  another  short  length  of  spindle,  having  a  buttonhead 
at  its  lower  end.     It  will  be  noticed  that  the  connecting  socket  just  mentioned,  is  provided  with 
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an  arm,  which  ig  traversed  by  a  vertical  stud  on  the  framing  of  the  engine,  the  arrangement  being 
such,  that  the  spindle  of  the  equilibrium  valve  is  prevented  from  rotating,  although  it  is  left  free 

to  move  endways.    The 
button-head    just    men- 
tioned as  being  provided 
at  the  lower  end  of  the 
extension  of  the  equili- 
brium valve  spindle,  is 
clipped    by    a    oap    as 
shown,  this  cap  connect- 
ing it  to  the  .spherical 
casing,    which   encloses 
the  governor.  Below  the 
spherical    casing    is    a 
screw   and  hand-wheel, 
by  which  the  spherical 
casing,  and  with  it,  of 
course,   the  equilibrium 
valve  can  be  raised  or 
lowered;    the  parts    in 
our  engraving  are  shovm 
in    their    highest'  posi- 
tion,    and    the    equili- 
brium valve  consequent- 
ly    closed    and    steam 
shut  off  from  the  qylin- 
der.      By    turning   the 
hand-wheel,  the  spheri- 
cal  casing   can   be   lo- 
wered (and   the  equili- 
brium valve  consequent- 
ly   opened)    until    tiie 
further    descent    is   a^ 
rested,   by  the    top    of 
the  spherical  casing  tak- 
ing a  bearing  upon  tiie 
horns,   with  which   tiie 
arms  of  the  govemon 
are  provided,  as  shown 
in  our  engraving.  When 
the  governor  balls  rise, 
these    horns    raise  the 
spherical     casing,    and 
consequently  the  equili* 
brium  valve,  the  latter 
thus  effecting  automatiG 
cut-off. 

In  their  latest  types,  Messrs.  E.  R.  &  F,  Turner  have  abandoned  this  governor,  and  sub* 
stituted  the  well  known  Hartnell  governor. 


Fig.  318. 
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d,   Rnymoiidj  Engineer  of  Lattlch. 

On  Plate  XXXIIE  (Figs.  1  and  2)  we  illustrate  the  Expansion-gear  of  Mr.  Rayraond  of 
Lnttich,  hut  in  order  to  gain  room  we  have  placed  the  three  main  parts  of  the  engine  closer 
together.  The  main  slide  is  driven  by  one  eccentric,  whereas  the  expansion-valve  E  is  worked 
by  a  trip-gear  arranged  under  control  of  the  governor.  The  andden  opening  of  the  expansion* 
valve  E  is  effected  by  a  cam-disc  D  mounted  on  the  crank-shaft  and  fitted  with  projections  d  d 
placed  diametrically  opposite  each  other.  The  crank,  as  represented  in  our  drawing,  is  on  its  dead- 
centre,  and  simultaneously  the  trigger  N  falls  into  a  groove  on  the  slide-block  T,  to  which  the 
rods  F  and  I'\  are  attached;  by  thus  falling  into  gear,  the  slide  block  T  is  prevented  from  moving 
either  way.  The  eccentric  6',  whose  dead-centre  corresponds  with  that  of  the  crank,  is  connected 
to  a  forked  rod  M  fitted  with  tappets  rr^  moving  over  the  trigger  N.  The  other  end  of  the 
rod  M  is  linked  to  a  rod  R  controlled  by  the  governor,  which  rod  R  assumes  a  higher  position 
with  rising  governor-halls,  and  vice  versa.  Consequently,  contact  between  the  tappets  r  and  the 
trigger  N  will  occur  at  different  times,  releasing  accordingly  the  trigger  N  from  the  slide-block  1\ 
The  disengagement  of  the  latter,  corresponds  to  a  closing  of  the  valve,  whence  an  automatic  va- 
riable expansion  gear  is  secured.  With  the  commencement  of  the  next  stroke,  this  action  is 
repeated,  inasmuch  as  the  trigger  A\  then  comes  into  play,  giving  the  rod  M  a  contrary  direction 
of  motion. 


e.   Maxim  &  Welelij  of  New- York. 

The  Engineering  Firm   of  Messrs.  Maxim  &  Welch  of  Kew-York,    fit   their  small   Steam- 
engines   with  Hiram   Maxim's  Expansion-gear,   illustrated   in    our 
Figs.  319   and  320.     The   governor   consists   of  weights    QQ  at- 

itached    to    crank-levers   MAf^^  arranged  inside  a  belt -fly -pulley. 

[The  internal  rim  of  the  latter  is  pressed  against,  by  spiral  springs 

is  aS^  which  take  up  a  portion   of  the  centrifugal  force  exerted  by 

Itlie    weights  QQ»     With    increase  of  pulley-speed,  the   action  of 

[the  weights   on   the   arm  J/J-/^    shifts   the   position   of  a  grooved 

Icam  N. 

This   axial   slide   reacts   in   the  manner  clearly    shewn  in 

lour  drawing   on  the  Expansion-valve  E  which  receives   its  steam 

[at  A^  passing  it  on,  tlirough  //,  intu  the  valve-chest 


-t 


Fjr*.  311)  and  330, 


/.    Brios?lel>,  ITanseii  &  Co.,  Engineers  of  Gotha. 

We  have  already  become  acquainted  —  refer  to  pg.  209  — 
!th  several  Lift-valve  gears  of  Messrs.  Bricgleh,  Hansen  &  Co.-^ 
and  on  Plate  XXXIII  (Figs.  3  and  4)  we  Olustrate  their  Com- 
bined Slide  and  Lift  valve  gears.  The  arrangement  of  the  latter 
18  the  same  as  those  abeady  referred  to,  excepting  that  an  expansion  valve  now  takes  the  place 
of  the  former  admission- valve.  The  slides  are  worked  by  an  eccentric  mounted  on  the  crank-shaft. 
The  arrangement  shewn  in  Fig»  4,  is  used  in  cases  where  each  cylinder-end  is  furnished  with  se- 

Lparate   slide,  and  where   consequently   two    expansion -valves   and   double    gearing   are   rendered 
necessary. 
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disc  are  bolted  two  plates,  or  cams,  CC,,  which  for  every  stroke,  through  the  medium  of  the 
friction  rollers  attached  to  BB^  lift  the  spindles  B  B^^  carrying  at  their  upper  extremities  the 
two  catches  N  N^^  shaped  like  anchors.  These  hang  loosely  from  the  lifting  levers  iij,  Oon* 
nection  with  the  admission  valves  is  made  by  the  rods  clearly  shewn  in  Fig.  1.  The  valvee  remj 
open  for  each  stroke  as  long  as  the  respective  catches  keep  up  the  valve  spindlef  the  catcl 
are  disengaged  and  the  valves  closed  by  means  of  an  oscillating  lever,  J  (worked  off  the  main 
disc  j4),  giving  a  sliding  motion  to  a  trigger  spindle,  carrjring  a  trigger  arm,  o,  which  strikes 
against  the  anchor,  so  releasing  one  or  the  other  of  the  ciitches  N  A\,  The  early  or  late  dis- 
engagement of  a  catch,   which  is  followed    by  the  immediate  closing  of  its  valve,   is  determinefl 
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by  the  governor  rotating  through  a  small  arc  the  shaft  M^  thus  depressing  or  raising  the  trigger 
arm,  so  that  sooner  or  later   it  conies  in  contact   with  the  anchor-shaped  portions   of  the  catcher 
The  connections   with   the  governor  are  clearly  seen  in  the  short  crank  P^  and   tho  rod  it    To 
cushion  the  movements,  air  cylinders  are  provided  as  shown.    The  spindles  BB^  are  always  kep^ 
to  their  work,   that  is,    in  contact  with   the  lifting  discs,  C(\^   by  the  springs    in   guide  71    T^^^ 
anchor  gear  standi  on  a  small  base,    taking   up  therefore  but  little  of  the  floor,   and    it  is  ott^^ 
convenient  on  that  account. 

The  Engine  illustrated  on  our  Plate  60,  has  a  cylinder  diameter  of  1  ft.  8*/,  in.  (525  mi*^ 
and   a   stroke    of  3  ft.  1%  in.  (950  mm,).     Running   at  50  revolutions,    with   a   boiler-pressuii 
75  lbs.  (5  atm*)   and  a  cut-oflF  at  Vi  ^^  ^s  stroke,   it  throws   off  65 — 80   horsepowers  when  w 
condensing  and  30—105  UP  when  condensing. 
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A  considerable  namber  of  compound  Beam-engines  have  been  subsequently  fitted  with   an 
Cxpansions-gear  ahewn   in   the   annexed  Figs.  321—325   and   known    as   Starke's   Horizontal  Ex- 
[pansioB-gear. 

This  form  of  gear,  it  will  be  seen  from  Figs.  321  and  322,   can  with  ease  be   applied  to 
^eilgines  with  single  valve  chests. 

In  Figs.  323,  324  and  325  we  show  detaO  views  of  the  latter,  and  the  action  of  the   me- 
ism  is  as  follows: 
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In  the  sectional  tilevation,  Fig.  323  i  which  shows  the  sliding  arrangement)^  the  sole  plate, 

4    carritss  at  one  end  a  culumn  with  a  Buss  governor*).    At  the  foot  of  this  column  two  bearings 

provided,  in  which   revolves  the  shaft,   t,   carrying   two  valve  exentrios  set   opposite  to  each 

otlxer.    These   latter   work    slides,  wu\   carrying  catch  levers,  f/,   either  of  which,   in  it^    forward 

Jtroke   dropping  against   a   step    at  w^   pushes   onward   the   spindles  nn.     On    these  spindles  are 

ft^-ached    lifting    blocks,    </*/,    which    in    the    forward    movement   are   pushed    under   the    bowls, 

^^       friction    rollers,    *^,  thus   depressing  the  lever  y,   and   so  raising   the    valve   spindle   ^,    and 

^A:Kiajtting  steam.     The   cut-off  is   effected    hy  the   governor,   and   is  under  its  control  as  follows; 

•)  MeMrt.  Schttffer  &  Hudonherg   uf  Manchcvter  are  now   tntrodudug  a  more  compact  arrangement  of  their  Ettu'n 
^^''^^^^mior,  whicb  works  with  a  «pecia]  throttle  valve,  aa  represented  in  elevation  and  section  in  Figb.  330  and  331. 
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Suppose  the  speed  is  too  high,  and  the  grade  of  expansion  is  to  be  reduced.  The  governor 
balls,  in  opening  beyond  their  normal  amount,  lift  the  lever  f,  and  thus,  by  the  connections 
shown,  depresses  the  wedge,  u.  In  this  way,  by  means  of  the  lever  ^,  the  trigger  v  is 
moved  to  the  right,  and  therefore  the  sooner  will  it  meet  with  the  projection  on  the  catch 
lever  Z,  the  right  hand  end  of  which  it  depresses,  and  so  lifting  the  other  end  out  of  the 
notch  at  m.  The  spindle  n  is  now  free,  and  the  spiral  spring  k  will  send  it  home,  ready  for  en- 
gagement at  7n  in  the  next  stroke;  and  at  the  same  time  the  block  q  will  be  shot  from  under  the 
bowl  *,  and  the  valve  will  close  itself  instantaneously,  and  so  yield  the  best  possible  cut-off.  The 
eccentric  shaft  t  makes  the  same  number  of  revolutions  as  the  engine  shaft,  being  driven  from  it 
in  the  most  convenient  way,  and  whilst  one  eccentric  works  the  apparatus  to  admit  steam  for 
one  stroke,  the  other  eccentric,  with  its  own  catch-slide,  moves  backwards,  ready  to  work  the 
valve  for  the  return  stroke.  The  Expansion  Valve  is  fixed,  as  already  mentioned,  in  a  separate 
casing  on  the  steam  inlet  of  the  existing  slide  valve  box,  and  should  the  latter  contain  more 
steam  place  than  is  necessary  after  the  old  or  former  expansion  valve  has  been  removed,  it  may 
be  lined  or  filled  in  with  cast  iron  pieces  bolted  to  the  cover.  The  steam  entering  into  the  cy- 
linder, therefore,  will  expand  through  the  curtailed  spaces  of  the  Valve  Box  after  the  close  of  the 
expansion  valve,  and  after  the  steam  ports  are  closed  by  the  Slide  Valve  (or  bottom  valve)  but 
will  be  instantly  brought  up  to  its  initial  pressure  by  the  fresh  supply  of  steam  from  the  Boilers 
and  beneficially  used  by  the  following  stroke^  the  curtailed  space  in  the  Valve  Box  cannot  there- 
fore be  considered  as  an  inconvenient  one. 

In  order  to  shew  the  improvement  in  the  expansion-lines  and  in  the  higher  initial  steam 
pressure,  due  to  the  absence  of  throttling  the  diagrams  Figs.  326 — 329  are  here  appended  for 
comparison  purposes.  In  Germany  nearly  two  hundred  have  been  applied  by  Messrs.  Starke  & 
Derham  in  less  than  two  years,  the  resulting  economy  being  in  condensing  and  non-condensing 
engines  from  fifteen  to  —  in  bad  cases  —  about  thirty  per  cent,,  and  in  compound  engines  from 
eight  to  fifteen  per  cent.;  new  engines  with  this  motion  applied  are  working  with  an  evaporation 
of  18  lbs.  of  water  per  I.  H.  P.  per  hour; 

h.  SSchslsche  Maschlnenfabrlk  —  Fonnerly 
Bichd.  Hartmann  —  Chemnitz. 

In  the  Expansion  Valve-gear,  shewn  in 
the  annexed  Figs.  332  and  333,  and  construct- 
ed by  the  Sachsische  Maschinenfabrik,  motion 
is  again  imparted  to  the  main-slide  (z  by  a  se- 
parate eccentric,  a  second  eccentric  working  on 
a  trip-gear  effecting  the  working  of  the  expan- 
sion valve  J"!  The  steel-nib  o  fitted  to  the 
spindle-slot  end  is  alternately  lifted  by  the 
triggers   NN^    during    each    crank    revolution, 


Fig.  332. 


Fig.  333. 
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owing  to  the  action  of  the  springs  SS^.  Each  trigger  is  carried  on  a  bell-crank  LLi  linked  to  the 
eccentric  rod  B\  the  triggers  NN^  move  thereby  in  opposite  directions,  so  that  for  ezamplci  the  one 
trigger  N  is  facing  its  maTimnin  ascent,  when  the  other  trigger  Ni  is  just  about  gearing  on  to  the 
▼alve-spindle.  These  triggers  also  form  bell-cranks,  whose  horizontal  arms  MMi  when  ascending 
come  in  contact,  sooner  or  later,  with  cams  URi^  the  positions  of  which  are  determined  by  the 
govemor  acting  uniformly  upon  them,  through  link  K  and  levers  HHi.  As  soon  as  disengagement 
ensues,  the  spring  in  the  small  cylinder  O  presses  the  expansion-valve  E  on  its  seating.  To  re- 
daoe  the  valve-chest  space,  its  cover  is  cast  as  shewn  at  a  a. 

i.  Ed.  HoeUieim,  of  Mark-Oladbach. 

The  Expansion-gear,  patented  by  Edw.  Hochheim  of  Mark-Gladbach,  is  represented  on  our 
Plate  XXXTT  (Figs.  4 — 6);  here  front  and  side  elevations  are  given  in  Figs.  4  and  5,  whilst  plan 
of  this  arrangement  is  drawn  in  Fig.  6. 

The  double-beat  valve  E  in  the  valve-chest  G  is  moved  by  the  rotation  of  the  spindle  F; 
it  is  self-evident  that  for  each  revolution,  this  valve  miust  come  into  action  twice.  Motion  is  im- 
parted to  the  mechanism  by  the  eccentric  rod  B^  which  gears  on  to  the  lever  C,  which  along 
with  the  lever  D  is  keyed  on  a  spindle  carried  by  the  bracket  T.  The  lever  D  is  furnished  with 
tlie  two  steel-nibbed  triggers  N  and  N^  which  alternately  gear  on  to  projections  00^  arranged 
on  a  disc  A  keyed  on  to  the  valve-spindle;  in  this  manner  the  latter  is  caused  to  rotate,  so  open- 
ing the  valve.  During  the  progress  of  this  action,  the  triggers  N  and  iV^  gradually  sink  and 
come  to  lie  respectively,  on  the  tappets  rvi.  Automatic  regulation  is  effected  through  the  wedge- 
block  K  being  connected  by  rod  P  and  lever  M  with  the  axis  R  under  govemor  control.  The 
governor,  working  almost  frictionless,  indicates  by  the  finger  z,  the  expansion-grade,  at  which 
the  engine  is  working. 

k.  W.  H.  Uhland,  Engineer  of  Leipasig. 

Mr.  W.  H.  Uhland,  who  in  addition  to  his  able  Editorship  of  the  leading  Continental 
Engineering  periodical*),  ranks  amongst  the  most  practical  writers  of  the  day,  has  certainly 
filled  up  a  most  important  gap  hitherto  existing  in  Engineering  Literature,  by  the  compilation  of 
the  present  work.  The  practical  manner  in  which  he  has  collated  into  one  entire  whole,  the 
contemporaneous  mechanical  practice  of  the  leading  European  and  American  Steam-engine  builders, 
supplementing  this  practice  with  examples  irregularly  scattered  in  the  Patent  Archives  and  En- 
gineering Press  of  various  countries,  and  the  manner  in  which  he  has  further  reduced  this  incon- 
gruous mass  of  practical  ingenuity,  into  a  systematic  record,  certainly  entitles  him  to  the  thanks 
and  gratitude  of  the  Engineering  profession  at  large;  this  the  more  so,  as  at  no  other  time,  has  public 
attention  been  more  closely  and  more  generally  given  to   the  subject  he  has  herewith  mastered! 

A  more  fitting  place  for  this  well  earned  eulogy  could  probably  not  be  found  in  this 
Work,  than  side  by  side  with  the  Automatic  Variable  Expansion-gear,  illustrated  in  the  annexed 
Figs.  334—341,  which  is  designed  by  Mr.  Uhland,  so  proving  that  he  is  not  merely  a  talented 
Engineering  writer,  but  also  an  actual  practical  worker. 

In  addition  to  its  simplicity,  this  Expansion-gear  shares  the  advantage  of  easy  adaptabi- 
lity to  new  and  old  Engines,  and  is  equally  applicable  to  all  Valve-gears,  no  matter  whether  of 
the  slide-,  lift-or  rotating-types. 


•)  Der  practiiche  Maschinen-Coiutructeur  published  by  Baamgiirtner  &  Co.»   Leipsig.    The  large  Working-d rawing! 
pabliahed  wHh  eadi  isaiie  on  subjects  relating  to  Mechanical  Engineering,   render  this  Journal  specially  useful  to  practical 


Our  eogravings  shew  this  arrangement,  as  being  in  direct  cptnbination  with  the  goremt 
arranged  on  the  valve-chest  at  the  side  of  a  horizontal  c>'linder.  As  each  end  of  the  latter  is 
presumed,  in  this  case,  to  be  ftimifihed  with  separate  admission  valves,  we  find  also  two  expanrion 
valves,  the  spindles  of  which  are  again  indicated  by  F F^. 

A  vertical  lay-shaft  fT,  which  in  this  example  is  turned  by  the  governor-spindle  B  hot 
which  could  be  driven  direct,  equally  well  in  cases  where  the  governor  is  otherwise  situated,  carries 
a  plate  A  of  unequal  thickness.  To  be  more  exact,  the  upper  border  of  this  plate  is  raised  almost 
over  half  its  circumference.  This  swelling  is  slightly  in  excess  of  the  requirements  of  the  valv«u 
lift  —  or  expansion  slide  travel  —  so  that  with  the  lowest  position  of  the  valve-spindles  Ff„ 
the  projections  nn  rest  on  the  lower  half  of  the  plate.    The  action  of  the  latter,    resolves  it 


ng.  «7. 


Pic.  »ii. 


FiR.  334. 


Fig.  '3^. 


FiK.  iT 


in  alternately  lifting  the  valve-spindles  F F^  —  corresponding  to  the  opening  of  the  valv««  ^ 
slides  —  so  as  to  admit  steam  from  0.0  to  LO  stroke,  if  the  disengagement  mechanism  shrtnl' 
not  previously  come  into  play  to  close  the  valves. 

The  valve-spindles  F  Fj^  which  carry  springs  and  buffer-piston  at  their  top-ends  in  tc: 
ordinary  manner,  are  slotted  for  the  purpose  of  receiving  horizontally  moving  slides  n  ti,  wiJi» 
are  always  kept  over  and  against  the  plate-border  A  by  the  springs  ss,  so  long  as  no  ootwt?^ 
pressure  is  brought  to  bear  upon  them.  Inasmuch  as  the  plate  .4  revolves  underneath  the«e  sW'* 
n  fi|,  its  border  alternately  raises  and  lowers  the  valve-spindles  F  Fg  and  would  admit  of  itf*"* 
being  admitted  during  full-stroke  as  already  observed,  if  a  disengagement  gear  did  not  onin* 
into  play. 

For  this  purpose,  a  sleeve  /»  i«  placed  over  and  revolves  with  the  plate  A;  its  iini  * 
be  seen  from  Figs,  335  and  336,  and  its  projecting  finger  N  is  allowed  to  protrude  bejouti -^ 
external    plate    border   by   about   Vn — ^  i^  in-   (1—2   nun.),   so    that   when   the  latter  oonwi  • 
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contact  with  the  slides  nn,  it  pushes  them  away  from  the  plate.  The  moment  this  occurs,  the 
spiing  in  the  dash-pot  0  comes  into  action,  so  closing  the  corresponding  valve.  It  is  evident,  that 
the  slide  n  can  be  thrown  off  the  border  of  the  plate  A  at  any  time,  according  to  the  position  of 
the  projecting  finger  N;  in  other  words  the  range  of  expansion  may  be  thus  determined.  For 
this  purpose,  it  is  only  necessary  to  connect  the  finger  N  with  the  governor,  so  as  to  obtain  in 
IS  simple  a  manner  as  possible,  an  Automatic  Variable  Expansion-gear. 

Inside  the  sleeve  £  is  an  additional  collar  H  —  Figs.  887  and  338  —  revolving  with  the 
qpindle  W  and  connected  with  the  vertical  rods  MM^  to  the  governor.  These  rods  impart  to  it 
an  additional  up  and  dovm  motion,  and  as  the  collar  has  a  groove,  into  which  a  pin  of  the  sleeve 
B  gears,  it  is  evident  that  the  rise  or  fall  of  the  collar  H  will  react  on  the  sleeve  By  by  turning 
it  either  to  the  left  or  to  the  right;  this  motion  naturally  implies  the  earlier  or  later  disengage- 
ment of  the  valve-spindles  F  or  jPj,  or  what  is  the  same  thing,  an  earlier  or  later  cut-off. 

For  practical  reasons,  it  appears  advisable  to  make  the  groove  in  the  collar  H  as  steep 
as  possible,  and  in  the  case  before  us,  the  total  work  of  the  collar  would  move  the  finger  N  to 
about  V4  '^v.  The  grade  of  expansion  would  therefore  lie  between  0.0  and  0.5  stroke,  which  may 
be  taken  to  suffice  in  Engines  working  with  Automatic  Expansion  gears.  Still  the  mechanism 
allows  itself  to  be  applied  to  later  cut-offs,  by  bolting  the  finger  N  to  the  collar  H  whereby 
according  to  its  position,  steam  may  be  automatically  shut  off,  between  0.1 — 0.6,  or  0.2 — 0.7,  or 
OM — 0.75  stroke  etc.  if  it  should  appear  undesirable  to  extend  the  range  of  expansion,  by  either 
prolonging  the  collar  H  or  by  the  adoption  of  other  mechanism. 

I.  Messrs.  Pnsey,  Jones  d;  Co.,  of  Wilmington.    (Delaware,  U.  8.) 

(Type:  Tremper.) 

This  Expansion-gear  is  illustrated  in  the  an- 
nexed Figs.  842  and  343.  An  eccentric -rod  is  con. 
nected  with  the  lever  A^  which  is  mounted  on  the 
same  spindle  as  the  bent  lever  BB^,  The  eyes  of 
the  latter,  form  the  swing-centre  of  triggers  N N^j 
the  latter  alternately  raise  the  piston  P  owing  to 
the  steel  plate  00^  and  as  the  piston  P  is  rigidly 
fixed  to  the  valve-spindle  F,  the  valve  E  is  thereby 
opened.  During  its  rising  motion,  the  trigger-end 
slides  on  the  wedge  M  which  is  kept  in  position  by 
the  governor-spindle  R.  This  wedge  forces  the  trigger 
off  the  piston  catches  P,  and  relieving  the  latter,  the 
spindle  is  free  to  fall,  and  to  so  close  the  valve.  An 
india-rubber  washer  0  prevents  any  concussion  taking 
place.  As  soon  as  the  governor  balls  have  lifted 
the  wedge  M  to  its  highest  lift,  no  disengagement  takes  place,  so  that  the  main-slide  admits 
steam  up  to  nearly  full  stroke. 


Fifr.  343. 


Tig.  341. 


m.    Rudolf  Affeltranger,  of  Bern. 

German  Letters  Patent  were  obtained  by  Rudolf  Affeltranger,  for  the  peculiar  Expansion- 
gear  shewn  in  section  and  in  part  plan  in  Figs.  344  and  345. 

The  apparatus  is  attached  to  the  valve-chest.  The  passage  of  the  steam,  is  indicated  by 
the  inscribed  arrows.  The  valve-chest  contains  a  double-seated  valve  i?v,  and  the  rigid  casing  F 
of  the  cock  H.  The  rod  a  is  screwed  fast  into  the  valve  v;  k  is  sl  small  piston  fitting  into 
this  valve. 
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To  start  the  engine,  the  hand- wheel 
J9  has  to  be  turned  in  order  to  lift  the 
valve  off  its  seating.  The  steam  in  the  pipe- 
connection  A^  thereupon  enters  the  valve, 
and  passes  through  E  into  the  valve-chest. 
Simultaneously,  the  steam  also  comes  to 
play  on  the  upper  part  of  the  valve  by 
passing  through  the  passages  bb^  the 
channel  <?,  and  cock- way  e.  As  these 
steam-ways  are  comparatively  small  in 
comparison  to  the  steam-pipe,  the  progress 
of  the  steam  in  them  will  be  gradual,  that 
is  to  say  the  pressure  of  the  steam  on  the 
top  side  of  the  valve  will  only  gradually 
exert  the  same  amount  of  pressure  as  that 
on  the  underside.  When  equal  pressures 
are  established,  the  spiral  spring  S  presses 
the  valve  on  to  its  seating.  In  conse- 
quence of  the  communication  existing  be- 
tween the  inner  portion  of  the  valve  chest 
and  the  capacity  B^  the  steam  expands  in 
both  places. 

This  arrangement  is  controlled  by 
contracting  or  extending,  the  forementioned 
steam -channel  cg  through  the  cock  JEt 
The  latter  is  moved  by  the  lever  C  placed 
either  in  communication  with  the  governor 
or  controlled  by  hand  for  a  cettain  ex- 
pansion-grade. At  times  of  starting  witii 
Figs.  344  and  345.  ^  ^^  govemor-balls  in  their  lowest  position 

the  passage  cc  is  fully  open,  but  somewhat  contracted  when  the  engine  is  working  at  its  normal 

speed  and  vice  versa. 


2.    Valve-gears,  working  with  the  Expansion-valve/  placed  inside  the  Main-slide  chest 

a,  Prof.  B.  B.  Werner  of  Darmstadt. 

Prof.  B.  E.  Werner's  Expansion-gear  is  drawn  in  our  Figs.  346 — 348  and  it  may  be  said 
to  share  the  main  advantage  over  the  preceding  types,  that  the  additional  expansion  of  the  steam 
in  the  valve-chest  is  partially  removed,  inasmuch  as  the  valve  may  lie  close  on  or  near  to  the 
main-slide.  This  advantage  calls  forth  the  constructive  difficulty,  that  the  valve  is  obliged  to 
participate  in  the  movement  of  the  slide,  in  addition  to  its  own  motion. 

The  governor  collar  N  rotates  with  its  two  cams,  at  equal  speed  with  the  crank-ehafL 
The  rod  C  has  a  friction  roller  n,  which  is  kept  constantly  against  this  cam-surface,  by  the  spring 
S  in  the  cylinder  0.  But  as  the  rod  C  is  connected  to  the  expansion  valve  spindle  F  by  lever  JD, 
osciHating  movement  is  given  to  the  expansion  valve- spindle  F.  The  latter  carries  a  lever  L 
which  opens  and  shuts  the  expansion-valve  at  the  bidding  of  the  governor,  simultaneously  allowing 
the  expansion-valve  to  follow  the  motion  of  the  main-slide.  Running  at  44  revs,  the  governor 
allows  the  latest,  whilst  the  earliest  automatic  cut-off  takes  place  with ,45  revs,  of  the  crank-shaft; 
hence  it  is  evident,  that  the  range  of  automatic  expansion  is  confined  to  a  small  limit 
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&  4.S6wlBg9  of  Mfllheim  on  the  Rhine. 

Tlie  Expansion-gear  of  Mr.  Beuaing, 
iDintratad  in  Figs.  349—352  most  be  re- 
gszded  as  an  advantageoos  solution,  of  a 
jMUioioaS  arrangement  of  the  expansion- 
vahre  inside  the  main-slide. 

An  eccentrio  works  the  main-slide 
if.  Admission-motion  is  imparted  to  the 
ezpansion- valve  supported  by  the  main- 
slide,  either  by  a  second  eccentrio  (keyed 
to  the  same  lead  angle  S  —  Fig.  352  — 
as  the  main-slide  eccentrio),  in  which  case 
the  travel  of  the  expansion-valve  is  reduced 
to  the  extent  of  the  main-slide  travel.  Or 
tiie  expansion-valve  is  worked  off  the  same 
eoeentrio,  with  a  travel  correspondingly 
reduced  by  a  combination  of  levers. 

The  casing  D  is  fixed  fast  to  the 
mAin-elide  rod  by  the  sleeve  dj  and  is 
guided  in  the  bracket  T. 

The  triggers  nui  swing  on  the 
I  ffi  caiMed  by  the  bar  g.  These 
are  either  worked  by  a  separate 
eooentzio,  or  by  the  main-slide  eccentric 
bjf  reduced  leverages. 

By  coming  in  contact  with  the  go- 
vernor-block JU,  the  trigger  nibs  nn|  are 
knocked  out  of  gear,  and  the  corresponding 


Figt.  340  and  347. 


Ufeland-Tolhaaten,  Corlin-Mifrinn. 
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valves  closed.  If  wo  assume  the  slide  to  be  moving  in  the  direction  of  the  inscribed  arrow,  with 
the  left  admission  port  about  to  open,  then  the  trigger  n^  has  fallen  in  gear  with  the  catch  A^ 
attached  to  the  valve  B^  and  opened  the  latter  to  the  extent  of  /?  —  Fig.  352  — .  This  opening 
as  well  as  the  compression  of  the  spring  Cj  continually  increase  till  the  piston  has  travelled  to 
its  other  end,  provided  that  the  block  M  has  not  effected  disengagement  in  the  interim.  The  same 
action  is  repeated  with  the  trigger  n  owing  the  return-stroke  and  so  on. 

Air-cylinders  a  a^    prevent   any  jarring  taking  place,   and   the   set   screws  AA|    serve  for 
tightening  up  the  springs  cci. 


n.    Steam-engines,  working  with  four  separate  valves. 

1.    Valve-gears  with  two  Admission-  and  two  Exhaust- Valves. 

A.   Admission-valyes,  arranged  at  the  side  of  the  Cylinder. 

a.  Washington  Iron-Works,  Newburgh  (U.  S.). 

(Type:  Wright.) 

At  an  Exhibition  held  at  New- York  in  1867,  an  Engine  fitted  with  Wright's  Valve-gear, 
by  the  Washington  Iron- Works,  Newbnrgh  received  the  first  prize,  as  being  the  best  Amerioan 
Engine.  Figs.  6  and  7  (Plate  47)  shew  the  general  arrangement,  whilst  Figs.  8 — 10  illustrate  the 
details  of  the  valve-gear.  Two  equilibrium  valves  are  arranged  at  the  cylinder-side,  working  pa- 
rallel to  the  cylinder-axis.  The  exhaust-valves  of  the  grid-iron  form,  are  arranged  to  the  bottom 
of  the  cylinder,  and  receive  a  continuous  motion  from  a  lay-shaft,  whereas  the  admission  valves 
are  worked  through  the  hollow  spindle  M  driven  by  bevel-gear  off  the  shaft  A,  This  spindle  has 
two  cam-pairs  ee^  and  ttj,  the  former  working  the  valve-spindle  a,  and  the  latter  the  valve- 
spindle  a^;  these  two  spindles  revolve  at  Ya  brank-shaft  speed.  The  teeth  fitted  to  the  internal 
sides  of  these  cams,  gear  on  to  a  very  broad  wheel  r  keyed  on  the  rod  n  and  revolving  inside 
the  hollow  spindle  M.  The  upper  end  of  the  rod  n  is  connected  with  the  governor,  in  such  a 
manner  at  a  that  it  is  worked  up  and  down  by  rise  or  fall  of  the  governor-balls.  The  lower  end 
of  the  rod  n  is  fitted  with  a  grooved  cylinder  on  which  the  nut  p  slides  up  and  down.  The  rod  n 
is  thereby  made  to  rotate  along  with  the  toothed  wheel  r;  consequently  the  cam  will  be  brought 
up  closer  or  further  away  from  the  valve-spindle  ends.  When  these  cams  have  glided  off  the 
latter,  the  valves  close,  owing  to  the  steam-pressure  exerted  upon  them. 

The  above  named  Engineering  Firm  constructs  Engines  in  this  type  in  various  sizes  ranging 
from  15  to  1200  HP. 

b.  John  Bowan  &  Sons  (Lini.)^  Engineers  of  Belfast 

For  driving  the  machinery  of  a  Flax  Mill,  Messrs.  John  Bowan  &  Sons  (Lim.),  Engineers 
of  Belfast,  put  down  an  Engine  working  with  three  cylinders  independent  of  each  other,  fhong^ 
having  condenser  and  air-pump  common  to  all  three.  This  arrangement  was  adopted  with  a  Tiew 
of  obtaining  as  steady  a  speed  as  possible.  The  vertical  cylinders  were  worked  with  a  valve- 
gear  corresponding  to  that  represented  in  Figs.  353  and  354,  though  the  port  clearance  is  ahewn 
greatly  exaggerated;  the  cranks  driving  these  cylinders  are  set  at  120®  apart 

The  horizontal  lay-shaft  A  extends  over  the  three  cylinders  and  is  connected  by  bevel-gear 
with  the  vertical  shaft,  similarly  driven  from  the  crank-shaft  A  cam  D  works  the  two  exhaust- 
valves    HHi  the  action  of  the  steam  pressing  the  latter  on  their   seatings.     Each    of    the    inlet- 
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TaiTes  GGx  IB  driven  from  a  cam-disc  C^  which  rotating  with  the  lay-shaft  lifts  a  frame  B  as 
well  as  the  valve  spindle  F.  In  order  to  vary  the  time  of  contact  between  cam-disc  C  and 
▼ilve-spindle  F,  a  bolt  N  is  inserted 
between  the  spindle  and  the  frame. 
This  bolt  is  connected  with  the  go- 
vernor by  means  of  the  bell-crank 
RRi  and  rod  Af,  whence  it  is  pushed 
forwards  or  backwards.  If,  therefore 
the  governor  has  attained  its  highest 
position,  the  bolt  M  is  pulled  so  far 
back  out  of  the  forementioned  frame, 
that  it  is  scarcely  touched  by  the 
cam  C^  consequently  the  inlet-valve 
is  already  closed  with  the  beginning 
of  the  stroke.  In  order  to  obtain 
an  easy  silent  working  of  the  valve- 
gear,  dash-pots  0  are  applied  and 
filled  with  water. 

Each  of  the  three  cylinders 
was  22Vs  in.  (570  nmi.)  in  bore,  and 
of  4  ft  (1220  mm.)  stroke.  Beginning 
to  work  at  5  atm.  pressure  cutting 
off  at  Vio^  stroke,  and  running  at 
46  revolutions  per  min.  —  equal  to 
a  pfaton  speed  of  6.1  ft  per  sec.  -— 


^^ 
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the  engine  developed  300  UP. 


c.  Hartford  Foundry  &  Machine  Co.  Hartford  (Conn.  U.  8.). 

(Type:  Woodruff.) 

Pigs.  4  and  5  (Plate  47)  shews  the  Engine  exhibited  at  the  Centennial  Exhibition  by  the 
Hartford  Poundry  and  Machine  Co.,  as  fitted  with  the  Woodruff  Valve-gear.  It  bears  great  resem- 
blance in  its  internal  gear  to  Wright^s  Valve-motion. 

But  the  admission-valves  are  now  worked  off  one  eccentric  C,  which  pushes  back  the 
valve-spindles  Ff\^  so  opening  the  corresponding  valves.  This  cam  is  mounted  on  the  hollow 
governor  spindle,  and  rotates  at  equal  speed  with  the  crank.  To  obtain  a  variable  cut-off,  the 
lead-angle  of  this  eccentric  is  changed.  The  return  travel  of  the  slides  is  due  to  the  steam- 
pressure.  The  expansion  valves  are  of  the  grid-iron  type,  and  they  are  worked  by  an  eccentric 
mounted  on  a  transverse  shaft  imder  the  slide-bars. 

The  very  simple  and  solid  appearance  of  this  Engine,  is  at  once  apparent  from  our  draw- 
ings, which  are  taken  fron^  a  40  HF  (nominal)  engine  of  1  ft.  (305  mm.)  cylinder-bore  and  3  ft. 
(914  mm.)  stroke  —  three  times  the  diam.  —  Bunning  at  65  revs,  per  min.  the  mean  piston-speed 
amounts  to  nearly  6Vt  ft.  (2  m.)  per  sec. 


(1.  Chr.  Nolet,  Engineer  of  Ghent  (Belgium). 

In  1872—1873,  Mr.  Nolet's  Valve-gear  was  much  discussed  by  the  Engineering  press,  as 
it  undoubtedly  attracted  general  attention,  and  still  belongs  to  the  most  important  modem 
Steam-engine  constructions.  On  Plate  61,  we  represent  a  350  HF  Horizontal  Condensing  Engine, 
constructed  by  Mr.  Ch.  Nolet.    There  are  separate  exhaust   and  admission  valves  at  each  end  of 
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the  cylinder.  The  valve  boxes  are  placed  in  ooramuuicatioti  by  a  pipe,  to  which  the  steam  pipe 
is  jointed.  The  exhaust  valve  consists  of  a  gridiron  plate,  sliding  on  the  upper  surface  of  a  pkte 
secured,  as  shown,  to  the  cylinder.  The  valve  is  driven  by  a  rod,  passing  tliroiigh  two  vertical 
slots  in  two  blocks  projecting  downwards  through  the  seat,  in  a  way  best  seen,  perhaps,  in  Fig.  X 
The  whole  of  the  valve  gear  is  actuated  by  lay  shafts  driven  by  tivo  equal  bevel  wheels  from 
the  crank  shaft.  The  horizontal  lay-shaft  shewn  to  the  right  in  Fig.  3  (Plate  61)  drives  a  second  short 
shaft  marked  .1  in  Fig.  355,  On  the  first  shaft  are  keyed  two  cams,  one  of  which  is  shown 
Fig.  3  (Plate  61).  This  cam  revolves  within  a  rbg  on  the  top  of  a  lever  turning  on  a  pin.  To  this  lev 

is  pivotted  the  exhaust-valve  rod.     The   action   of  tliis  piece  i 
mechanism  is  so  clear,    that  no  further  description  is  nee 
The  exhaust  steam  passes  off  to  a  feed  heater  in  the  engine 
and  thence  to  the  condenser. 

One  of  the  steam  valves  is  shown  in  Fig*  3  (Plate 
It  is  a  double-beat  valve  of  large  diameter  and  small  lift 
the    secondary   lay   shaft    A   —  Fig.  355    —   are    keyed    ti 
cams^   one  for  each  steam   valve;   one  of  these   is   shewn  at 
On  it  rests  a  shoe.    This  shoe  carries  a  rod  B  which  passes  up 
through  the  tube  Z>,  which  rod  moves  up  and  down  in  two  sui- 
table guides.    On  the  tube  is  fixed  the  arm  J^,  wiiich  is  secu 
to  the  valve  spindle.    So  long  as  the  tube  D  and  the  rod  B  \ 
united  together,  so  long  will  the  valve    derive  its  motion  bm 
the  cam  C.    To  effect  this  union  the  detent  n  is  employed.  Tk 
end  of  this  detent  is  drawn  into  a  notch  o  excavated  in  the  «M|_ 
of  i?  by  a  coiled  spring,  which  works  within  a  kind  of  stitnjn 
the  foot-piece  of  which  rests  on  the  head  of  n.    The  lever  mo\% 
bodily  up  and  down  with  D  in  a  way  easily  tmderstood.    It  i 
obvious  that  if  the  long  end  of  the  lever  were  forced  down,  i 
short  end  would  pull  the  detent  out  of  the  notch  a  in  f)\  tat^ 
A'^  will   be  forced  down   if,   while   its  fulcrum  is  rising  uith  i 
something  comes  in  contact  with  it    This  something  is  the  toad 
ing  piece  —  or  "taquette,"   to  use  the  expressive  French  asy 
—  r  on  the  end  of  an  arm  M  which  is  actuated  directly  by  i 
governor   as   clearly  shewn  in  Fig.  3  (Plate  61).    According  t»| 
the  position  assumed  by  this  arm,  so  will  the  cut-off  take 
later  or  earlier. 

The  action  of  the  gear  is  aa  follows:  The  detent  n  bei^ 
lodged  in  the  notch,  a  as  the  cam  rotates  it  will  lift  /i  and  m)t 
it  I)  and  A',  until  A^  comes  against  r;  then,  as  JJ  continues 
rise,  n   is  withdrawn   from  the  rod,  and  the    valve  drops,  anig 
Fig.  3M.  steam  is  cut  off.    The  shock  is  taken  up  by  an  air  daah-pot,  I 

second   dash  pot  being  used  to  steady  the  governor.   At  the 
ment  contact   is   made   between   r   and   A''  the   valve   will  not   close,   because  a  little  delay  mis 
take  place,   while   n   is   being    pulled    out  of  the   notch.     Therefore,    for  a   cut-off   at    ooe-fifft, 
the  contact  between  r  and  A''  must  occur   a  little   too   soon.     Bearing  this   in   mind,    it  is  v\ 
easy  to   draw   the   curves   marked   with   fractions  0,025,  04,  etc.  etc.,   and   thus  to  proportion 
goiremor  gear* 

The  upper  end  of  the  lever  A^  is  shaped  as  shawn,  in  order  that  if  a  belt  broke  or  otW] 
accident  occurred,  which  might  set  the  engine  racing,  on  the  governor  flying  open,  r  would  at  on*' 
force  down  A^,  and  so  totally  cut-off  all  steam  from  the  cylinder.  On  the  other  hand,  if  the  gof^roor 


gear  failed,  then  r  would  fall  down  till  it  caoglit  the  raised  end  of  Nj  and  would  in  the  same 
way  hold  it  down,  and  prevent  the  admission  of  steam  to  the  cylinder. 

We  may  state  that  IL  Nolet  uses  sliding  valves  for  the  exhaust,  because  he  finds  that 
they  wiU  not  score;  for  high-pressures  he  uses  double-beat  valves,  which  remain  tight  for  two 
years  and  often  much  more,  and  which  can  be  made  tight  at  any  time  in  a  couple  of  hours  by 
pinding. 

This  description  borrowed  from  '^The  Engineer"  *)  may  be  supplemented  with  the  following 
additions:  The  form  of  the  cam  D  has  been  so  chosen,  as  to  cause  the  valve  to  lift  very  rapidly 
Vf  to  about  0.3  stroke;  from  this  piston-position  up  to  Vio  stroke,  the  rod  B  lifts  but  slowly, 
though  sufficient  to  allow  the  governor  to  engage.  The  curve  a:  a  above  the  lever  N^  indicates 
the  valve  lifts,  corresponding  to  the  positions  of  the  trigger  r  for  various  expansion-grades.  The 
valve-lift,  which  must  take  place  during  the  gliding  off  of  n  and  o,  —  i.  e.  when  the  lever  N 
is  held  fast  by  the  trigger  r,  —  is  similarly  indicated  for  various  expansion-grades,  by  the  arcs 
induded  by  the  angle  marked  a. 

The  Engine  illustrated  on  Plate  61  has  a  cylinder-bore  of  2  ft  8  in.  (815  mm.)  and  a 
stroke  of  5  ft.  (1525  nmi.)«  The  steam-pipe  is  8%  in.  (220  mm.)  diam.  or  Vifr  P^^  of  the  piston- 
area;  the  pipe  leading  to  the  condenser  is  11  in.  (280  mm.)  diam.  or  V8'4£  of  the  piston  in  area. 

The  Condenser  and  the  Air-pump  merit  further  attention.  Prior  to  the  spent  steam  enter- 
ing the  oondenser,  it  passes  through  a  horizontal  cylinder  to  heat  the  feed-water,  circulating  for 
this,  purpose  through  a  pipe-coil  in  this  cylinder;  by  these  means,  the  feed-water  is  raised  to 
doable  the  pump  temperature.  This  feed  pump  is  4*/4  in.  (120  mm.)  diam.  and  has  a  stroke 
of  llVa  ^  (283.5  mm.).  The  vertical  single  acting  air-pump  is  driven  by  a  bell-crank  and  se- 
pazate.  connecting  rod  off  the  crank-pin;  its  diam.  is  1  ft  lOVs  u^-  (570  nun.)  and  its  stroke  is 
8  fL  S%  in.  (704  mm.)  consequently  its  capacity  stands  to  that  of  the  steam-cylinder  in  the  pro- 
porlMi  1:4.4. 

The  slide-bar  casting,  of  H  section,  is  bolted  both  to  the  cylinder-cover  and  to  the  crank- 
shaft pedestaL  The  connecting  rod  is  made  five  times  as  long  as  the  crank,  and  the  Engine  is 
placed  under  the  control  of  an  ordinary  Watt's  Governor. 


B.  With  Admissioii-valyes,  placed  over  the  cylinder. 

a.  Em.  Walsehaerts,  Engineer  of  Brussels. 

The  Firm  of  Em.  Walschaerts  was  represented  by  a  30—40  IIP  (nominal)  Horizontal 
Engine  at  the  Paris  Exhibition  of  1878,  the  general  arrangement  of  which  we  represent  in  ele- 
vation and  in  end-view  in  Figs.  357  and  358.  It  was  used  at  Paris,  for  driving  the  machinery  in 
the  Belgian  section. 

Following  the  description  given  by  "Engineering"  **)  the  special  feature  about  this  type  of 
engine,  which  is  of  simple  and  straightforward  design,  is  its  steam-distributing  apparatus.  The 
cylinder  is  jacketed,  steam  passing  through  the  jacket  on  its  way  to  two  admission  valves,  which 
are  of  the  double-beat  type,  placed  on  the  top  of  the  cylinder.  These  valves  are  opened  by  eccen- 
trics upon  a  revolving  longitudinal  lay-shaft  by  the  action  of  a  catch  forming  part  of  the  eccentric 
rod,  upon  a  small  plate  attached  to  the  outer  end  of  a  horizontal  lever,  whose  inner  end  lifts  the 
valve.  By  the  intervention  of  the  simple  gear,  shown  in  Fig.  358  the  position  of  the  eccentric 
rod  is  determined  by  the  governor,  and   the  different  parts  of  the  gear  are  so  proportioned,  that 


*)  d.  2S  MATch  1879,  pg.  229. 
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any  change  in  this  position,  affects  only  the  time  of  disengilgement,  and  not  that  of  admission. 
As'Soon  as  the  catch  is  tripped,  the  valve  is  shut  by  a  spring  in  the  nsual  way.  It  will  be  seen 
that  the  whole  gear  very  closely  resembles  the  Sulzer  gear  in  its  original  form,  though  it  is  somewhat 
simplified.  Instead,  however,  ofusingsin^lar  valves  for  the  exhaust,  M.  Walschaerts  employs  grid-iron 
slides,  placed  below  the  cylinder,  and  connected  together  and  worked  simultaneously  by  a  single 
spindle  (Fig.  357).  These  valves  receive  motion  only  towards  each  end  of  the  piston's  stroke, 
remaining  stationary  in  one  or  other  of  two  positions  during  the  rest  of  the  time.  On  the  unde^ 
side  of  the  piston-rod  head  are  formed  two  inclined  planes,  one  of  which,  at  each  end  of  the  stroke, 
comes  in  contact  with  and  presses  down  a  roller  upon  the  end  of  a  rocking  lever,  which  is  in  the 
fashion  shown  in  Pig.  357,  connected  to  the  valve  spindle.  The  gear  is  arranged  so  as  to  work  at 
any  cut-oflF  between  0.0  and  0.85  of  the  stroke.  There  is  a  special  connexion  with  the  governor  pro- 
vided, which  at  once  cuts  off  steam  in  the  event  of  the  governor  ceasing  to  act  through  any  oause* 


Fig.  857. 


Fig.  858. 


The  condenser  and  air  pump  are  placed  below  the  bed-plate.  The  pump  is  single-acting, 
worked  from  the  crank-pin  through  the  system  of  levers,  whose  centre  lines  are  shown  in  Pig,  857, 
The  vacuum  attained  is  said  to  be  very  good. 

M.  Walschaerts  has  supplied  a  number  of  engines  contructed  upon  the  system  illustrated 
to  manufacturing  firms  in  Belgium.  The  largest  size  made  has  been  200  horse  power,  and  trials 
upon  this  engine  have,  we  are  informed,  shown  its  consumption  to  have  been  only  0.82  kilos. 
(1.8  lb.)  of  common  coal  per  indicated  horse  power  per  hour,  including  all  fuel  burnt  during  stof 
pages.  We  have  before  us,  however,  only  the  broad  results  of  these  trials,  and  not  the  parti» 
lars  of  them.  The  ratio  of  brake  to  indicated  horse  power  was  over  90  per  cent.  ConsideraUe 
pains  seem  to  have  been  taken  in  designing  the  engine  to  make  all  the  parts  accessible  and 
easily  removable,  in  the  event  of  any  change  being  required. 


h.  Socln  &  Wick,  Engineers  of  Bftle. 

The  Engineering  Pirm  of  Socin  &  Wick,  also  exhibited  a  Horizontal  Engine  at  the  Paris 
International  Exhibition  of  1878,  the  admission  valves  of  which  were  of  the  Sulzer-type,  whilst 
NoleVs  arrangement  of  Exhaust-valves  was  adopted.    Plate  62  represents  this  Engine. 

The  crank-shaft  drives  a  horizontal  lay-shaft  at  equal  speed  with  itself  by  a  pair  of  bevel- 
wheels.  As  in  Nolet^s  arrangement,  this  lay-shaft  moves  a  secondary  lay-shaft  by  equal  spur- 
gearing.  Pour  eccentrics  are  mounted  on  this  shaft  A  —  Pig.  7  —  which  work  the  four-yalves. 
The  opening  of  an  admission  valve,  follows  with  the  downward  motion  of  its  corresponding  ecoentrio- 
rod  By  whereby  a  steel  plate  n  fastened  to  the  upper-end  of  B  presses  down  the  short  arm  D  of 


a  bell-orank  D  K  —  vide  Fig.  5  — .  The  long  arm  of  the  latter  carries  a  Iriction-roUer  r  which 
presses  on  the  steel-plate  u  of  the  valve-spindle  lever  LL^.  The  surface  of  this  steel-plate  u  is 
peculiar,  inasmuch  as  its  outer  end  is  inclined  to  the  friction  roller,  whilst  its  remaining  curved- 
surface  has  its  centre  coinciding  with  the  swing  centre  of  the  bell-crank  D  K,  Therefore,  as  soon 
as  the  friction-roller  r  begins  to  glide  over  the  steel-plate  ti,  the  lever-arm  L  is  pressed  down, 
tiie  valve  continues  to  lift,  till  the  friction-roller  roUs  on  the  cylindrical  surface  of  this  plate  u. 
When  this  occurs,  the  valve  will  naturally  remain  stationary,  till  disengagement  ensues  between 
the  eccentric  rod  B  and  the  lever  arm  i>,  whereupon  the  a^Unission  valve  will  rapidly  dose.  The 
(doraig  of  the  valve  is  effected  by  a  spiralnspring,  which  has  been  previously  compressed  by  the 
ascending  motion  of  the  valve-spindle.  On  referring  to  Fig.  3,  it  will  be  seen  that  the  spring  is 
compressed  both  from  its  top  and  its  bottom.  The  pressure  exerted  on  the  spring  bottom,  ceases 
to  increase  however  as  the  friction  roller  has  glided  on  to  the  cylindrical  surface  of  the  plate  ti. 
The  disengagement  between  eccentric  rod  and  lever  arm  D  is  effected  by  the  governor,  inasmuch 
as  it  determines  the  distance  of  the  admission  eccentric-rod  from  the  lever-arm  D  so  that  at  a 
certain  time  the  edge  of  n  —  which  as  Fig.  7  shews  describes  an  elliptical  curve  —  may  be  relieved 
from  the  lever  arm  D.  The  distance  can  be  varied,  owing  to  the  connecting  link  J  between  the 
rod  B^  and  an  eccentric  M  keyed  on  the  expansion-shaft  R  under  govemor-controL 

The  peculiar  form  of  tibe  steel-plate  —  called  "Transporteur"  by  the  makers  —  is  due  to 
the  hitherto  igpiored  defect  of  most  Engines,  namely  that  the  admission-passages  corresponding  to 
high  and  low  expansion-grades  are  made  too  large  or  too  small.  This  defect  is  remedied  by  this 
valve-spindle  motion-transmitting  apparatus,  inasmuch  as  with  early  cut-offs  from  0.0—0.15  stroke, 
the  valve  is  continuously  rapidly  lifted,  whereas  during  later  cut-offs  the  valve  remains  in  a  cer- 
tain position,  the  lift  of  which,  corresponding  to  the  valve  diameter,  gives  exactly  the  required 
stetii-passage  area.  The  double  compression  of  the  spiral  spring  before  alluded  to,  meets  another 
objedion,  namely  that  the  pressure  on  the  springs  increases  to  too  great  an  extent  with  late  cut- 
ofi|  no  that  the  beat  of  the  valve  is  far  greater  with  late  than  with  early  cut-offs.  In  the  present 
arrangement,  on  the  other  hand,  the  spring  is  only  compressed  from  both  ends  up  to  0.15  stroke, 
after  which  the  lower  pressure  ceases  entirely  leaving  only  the  upper  pressure  to  come  into  pl^y; 
in  addition  the  top  and  bottom  of  the  spring-boxes  act  as  air-cushions,  so  ensuring  a  steady  motion. 
The  exhaust  valve  eccentrics,  are  worked  by  interposed  eccentric,  as  the  ordinary  lever  arrange- 
ment would  not  look  so  well,  on  account  of  the  small  distance  of  the  exhaust  valves  from  the 
cylinder  centre. 

The  Engine  exhibited  was  of  14»/4  in.  (375  mm.)  diam.  and  2'  IIV,  in.  (900  mm.)  stroke;  it 
ran  at  65  revs,  per  min.  so  yielding  a  mean  piston-speed  of  about  Gy^  ft.  (1.95  m.)  per  sec.  The 
cylinder  is  composed  of  several  parts,  as  shewn  in  Figs.  3  and  4,  it  is  jacketed  and  lagged.  The 
fly-wheel  is  arranged  for  rope-driving,  and  a  cosine-governor  controls  the  Engine-speed. 


2.   Valve-gears,  shewing  two  differently  combined  Admission  and  Exhaust-valves. 

a,  Bolzano,  Tedesco  &  Co.  of  Schlan  (Bohemia). 
(Type:    Begnier.) 

Begnier*s  Valve-gear  motion,  as  applied  by  Messrs.  Bolzano.  Tedesco  &  Co.  of  Schlan,  is 
exemplified  on  Plate  63. 

A  horizontal  lay-shaft  is  here  driven  at  double  crank-shaft  speed  by  bevel-wheels  oflF  the 
latter;  this  lay-shaft  drives,  the  vertical  governor-spindle,  by  a  pair  of  equal  bevel-wheels.  The 
latter  imparts  equal  crank-shaft  speed  to  two  lay-shafts  arranged  transversely  over  and  under  the 
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cylinder.    The  admission  valves   are  of  the  piston-type,  and  are  worked  from  the  upper  trans- 
verse shaft. 

The  mechanism  will  be  best  explained  by  Fig.  6,  where  it  will  be  seen  that  the  npper 
shaft  oarries  a  crank  C^  which  can  revolve  inside  the  frame  B\  the  latter  can  only  slide  horisos- 
tally  whilst  its  internal  slide  D  may  in  addition  move  up  and  down.  The  slide  D  carries  catch- 
plates  OOi  at  each  side,  which  with  the  slide,  describe  a  circular  pathe  qual  in  radius  to  the  crank- 
length.  The  spindles  FF^  of  the  piston-valves  GG^  are  swelled,  so  that  the  pressure  of  the 
steam  tends  to  push  them  in  the  direction  of  the  inscribed  arrows  pp.  The  shoe  of  each  valve- 
spindle,  is  furnished  with  a  vertical  slide  NN^  to  which  the  additional  catches  nn^  are  fitted; 
these  slides  NN^  are  under  governor  control  through  the  rods  MM^. 

The  valve-gear  is  shewn  in  its  central  position,  whilst  the  crank  K  is  still,  to  the  extent 
of  its  lead-angle  d  away  from  its  dead-centre.  In  this  position^  and  in  the  indicated  direction  of 
motion,  the  catch  o  is  pushing  the  plate  n  in  front  of  it,  whereby  the  piston-valve  G  will  open 
the  port  E  after  travelling  to  the  extent  of  its  lap.  But  as  the  edge  of  the  catch  o  describes  the 
circular  path,  shewn  in  dotted  lines,  and  the  motion  of  n  is  confined  to  a  horizontal  movement, 
at  a  certain  time,  the  edge  of  o  will  glide  off  the  catch  n.  The  piston-valve  G  then  follows  the 
direction  of  the  steam-pressure  pp  and  closes  the  port.  Simultaneously  the  slide  D  continuing 
its  motion,  brings  the  catch  o^  in  gear  with  nj,  to  repeat  the  foregoing  action  on  the  piston 
valve  6rj  during  the  next  stroke.  In  the  position  the  catch-pl%Jtes  wn^  are  drawn  in  our  engraving 
disengagement  or  cut-off  would  take  place  at  V4  stroke.  If  on  the  other  hand,  the  plates  n  and  ii| 
are  pushed  up  to  j;  and  x^  by  the  action  of  the  governor,  then  n  and  0  no  longer  come  in  contaet, 
and  the  cut-off  =0.  The  more  n  and  n^  are  raised  or  lowered,  the  longer  does  engagement  last, 
consequently  the  valve  will  close  later.  The  shifting  of  the  plates  nra^  can  naturally  also  be 
done  by  hand.  The  constructive  details  of  this  part  of  the  mechanism  will  be  seen  from  Fig.  7. 
The  prolonged  ends  of  the  valve-spindles  are  furnished  with  air-buffers,  the  arrangement  of  whkh 
is  fully  shewn  in  Fig.  1,  and  this  remark  also  holds  good,  with  regards  to  the  grid  formed 
exhaust-valves  worked  off  a  heart- cam  (cardioide). 

r  The  cylinder-bore  of  thi$  Engine  was  12^/,  in.  (320  mm.);  its  stroke  2  ft.  77^  in«  (800  nim.)^ 
The  steam  supply  pipe  enters  the  cylinder  from  the  side;  its  diameter  was  SVg  iu.  (80  mm.)  or 
y^0  the  cylinder  cross-area.  The  exhaust  pipe,  joining  one  of  the  cylinder-legs  is  4  in.  (100  mm.) 
in  bore  or  Vio  the  cylinder  bore-area.  The  piston  construction  is  shewn  in  Fig  8,  and  Fig.  7 
shews  the  constructive  details  of  the  valve-gear.  The  piston- valve  —  where  two  ports  —  exist  mqr 
also  be  arranged  as  drawn  in  Fig.  9.  The  crank-shaft  pedestal  is  illustrated  in  Fig.  7.  The  fij- 
wheel  was  8  ft.  10  in.  (2.7  m.)  diam.  and  15^4  in-  (400  mm.)  on  the  face.  A  parabolic  govenMr 
is  used;  a  later  improved  construction  of  the  latter  is  drawn  in  our  Fig.  5.  Attention  may  aki 
be  given  to  the  lubricating  plan  adopted  for  the  lower  lay-shaft ;  for  we  find  that  a  wrought  iron  «ig 
in  the  middle  of  the  bearing  is  made  to  dip  in  oil,  so  ensuring  constant  lubrication  whilst  running. 

6.  Hick,  Hargreaves  &  Co.,  Engineers  of  Bolton. 

An  original  arrangement  of  the  steara-cylinder-valves,  reminding  one  of  the  B&de  &  Faroot 
type"*"),  designed  with  the  special  purpose  of  reducing  clearance-spaces,  is  drawn  in  our  Fig.  359. 
Admission  of  the  steam  to  the  cylinder  is  effected  by  ordinary  Corliss- valves,  whereas  flat  stamper 
valves  are  used  for  the  exhaust.  This  arrangement  has  been  patented**)  by  Messrs.  Wm. 
Hargreaves  &  Wm.  Inglis,  both  of  the  above  mentioned  Firm,  and  will  no  doubt  be  found  most 
advantageous,   in  cases  where  the  steam  in  the  cylinder,    is  allowed   to   expand'  close   up    to  at- 


*)  See  pg.  7G. 
^)  Blue-Book  Specification  No.  3840.  A.D.  187J. 
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mospherio  pressure,  as  the  opening  of  the  stamper 
yalve  wiU  then  offer  the  least  resistance  owing 
to  the  reduced  steam  pressure  on  its  inner  face. 
This  Valve-gear  has  been  successfally  applied  to 
Sngines  working  at  75  revs,  per  min.,  though 
Ugher  speeds  are  probably  equally  available,  be- 
enise  the  flat  stamper-valve  may  be  quietly  and 
A>wly  opened  and  quietly  and  slowly  shut,  whilst 
the  motion  in  the  interval  may  be  as  quick  as  de- 
sired. Were  the  stamper-valve  used  for  the  steam- 
inlet,  it  would  on  the  contrary  be  compelled  to  shut 
quickly,  and  this  would  necessarily  limit  the  En- 
gine-speed. 


Pig.  8». 


c.  Fr.  Schmid,  Engineer  of  Nenstadt-Hagdebnrg. 

In  Pigs.  360  and  361,  we  represent  what  Mr.  Pr.  Schmid,  its  Patentee,  is  pleased 'to  call 
an  *4mproved  Corliss  Valve-gear'',  inasmuch  as  the  attempt  has  here  been  made  of  obtaining  a 
qnioker  exhaust  than  is  otherwise  obtained,  by  employing  two  self-acting  exhaust- valves  HHi. 
The  fresh  steam  entering  the  cylinder,  closes  the  exhaust  valve  on  the  steam  admitting  cylinder 
side.  As  the  two  exhaust  valves  are  connected  together  by  an  oscillating  beam  A^  the  other  emission 
▼alve  is  simultaneously  lifted,  so  that  the  steam  may  escape  from  the  other  qylinder^nd. 

The  patent  lays  further  claim 
to  Tegolating  the  steam-supply  by  flat- 
didet,  worked  off  toothed  segments  S 
kefed  on  the  valve-spindle  /'.  The 
remder  will  remember,  that  we  met 
a  similar  arrangement  in  Nemelka's 
Valve -gear  which  we  described  on 
pg.  176  and  illustrated  on  Plate  XXIII. 

The  admission-valves  may  be 
worked  by  any  trip-gear  mechanism.  ^^-  ^^  *"^  ^^• 

It  is  very  questionable,  whether  the  forementioned  automatic  action  of  the  Exhaust  really 
18  an  improvement,  for  no  doubt  a  waste  in  the  simultaneous  discharge  of  fresh  steam  must  take 
place  with  each  stroke.  Apart  from  this  consideration,  which  in  itself  will  probably  outweigh  any 
advantage  gained,  no  compression  can  take  place,  hence  this  valuable  factor  for  obtaining  quiet 
running  etc.  is  also  entirely  lost. 


Uhland-Tolhaaseu,  ( 'orliM-enginm. 
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Supplement. 


A.  EiisiiH'^.  working  witli  lorliHS-vaheH  awl  Trip-gear, 

a.    Geo.  D.  Corliss,  ProYldonee  (U.  S,). 

New    as    tlic    two    last    Valve-gears    ftf    Mr.    Geo,    H.    Corliss,    may    be    to    man]J 
oiir  readers,  still  they  are  not  tlie  latest  improved  constructions   of  tliis   genial   inventor.     He] 
lately  patented  a  modified  valve-gear,  the  main  advantage  of  which,  is  the  avoiding  of  the  nm 
expansion  of  the  steam,  on  the  two  cylinder-piston  sides.    That,  Corliss  is  not  the  only  one, 
has  solved  this  problem,  may  appear  snperflmms  to  add,  for  in  di^cnssing  various  valve-geai^ 


Fig.  iM12. 


^ 


{ 


Fi^.  ACS. 


Fig.  sa. 


have  already  observed,  that  regard  has  been  paid  to  this  question  by  several  Engineers.  * 
rule,  the  unequal  piston-motions  were  (Jompenaated  for,  by  giving  different  forms  to  th©  goT| 
knockcr-offs,  so  that  the  two  admission  valves  on  eaeh  cylinder-side,  shut-off  steam,  when 
pistnii  was  exactly  at  equal  distance,  from  one  stroke  end  as  it  was  from  the  other. 

In  the  latest  Corliss-valve  gear,  patented  last  year  (1879),  and  which  we  illustrat 
Figs.  .%2 — 364,  we  similarly  find  a  uniform  steam-supply  obtained  by  unequal  governor  kno^ 
off  gear.     In  Fig.  *^*i3,    F  is  the  valve-spindle  carrying    the   lever  A'  loose,    the  eye  a   of  wbifi 
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oonneoted  in  the  usual  manner,  by  a  rod  to  the  rocking  plate.  Consequently,  the  lever  K  oscillates; 
when  the  lever-eye  6  is  in  its  lowest  position,  its  trigger  n  acted  upon  by  the  spring  a  will  come 
to  lie  under  the  steel-catch  o  of  the  stationary  lever  L.  The  latter  is  keyed  fast  to  the  valve- 
spindle,  and  can  be  pulled  down  by  the  dash-pot  rod  P.  If,  motion  takes  place  in  the  direction 
of  the  inscribed  arrow,  the  lever  L  is  turned  accordingly,  and  the  valve  opens  out  the  port. 

Simultaneously  the  eye  C  of  the  trigger  n,  glides  in  the  closed  slide  of  the  lever  N\  when 
die  end  of  this  slide  is  reached,  the  continued  motion  of  the  lever  K  brings  about  a  change  in 
the  position  of  the  trigger,  which  ultimately  causes  disengagement  between  n  and  o,  whereupon 
the  valve  closes  in  the  ordinary  way. 

Variable  expansion  is  obtained,  by  a  horizontal  shifting  of  the  slide  iV,  and  for  this  reason 
the  latter  is  linked  to  the  double  lever  R  placed  under  governor-control,  owiug  to  its  connection 
with  the  governor-rod  M\  automatic  disengagement  therefore  ensues,  when  the  governor  reacts  on 
the  trigger  n  through  the  last  mentioned  mechanism.  But  in  order  to  equalise  the  unequal  piston 
travels,  the  governor-collar  U  carries  two  unequal  cams  T  2\  with  which  the  forementioned  rods 
M Ml  of  the  opposite  cylinder-end  are  in  contact  These  ends  are  flattened,  and  slide  at  e  in 
small  guides.  No  special  mechanism  is  required  to  keep  the  rods  M  ov  M^  m  contact  with  T  or 
7^,  for  this  is  already  secured  by  the  power  required  for  disengagement  purposes. 

Bespecting  the  machinery  parts,  likewise  patented  by  Mr.  Corliss,  we  may  note  the  new 
cylinder,  longitudinal  section  of  which,  is  drawn  in  our  Fig.  364.  It  consists  of  the  actual  cylinder 
A.  and  its  separately  cast  jacket  B.  The  flanges  of  the  cylinder  are  cast  with  rectangular  formed 
rings  C  C7,  to  which  the  jacket  is  bolted.  These  rectangular  rings  serve  the  purpose,  of  meeting 
the  radial  and  axial  expansion  of  the  cylinder.  DD  are  two  contraction  rings  placed  outside, 
and  the  rectangular  rings  CC  similarly  allow  the  steam-jacket  to  expand  in  the  direction  of  the 
whole  length  of  the  cylinder. 

With  regards  to  the  valve-chest  G  and  //,  our  woodcut  shews  that  B6de  &  Parcot's  ar- 
imngement  has  been  here  re-introduced. 

On  Plate  64  we  publish  drawings  of  a  Compound  Pumping  Engine  designed  and  con- 
structed with  this  Valve-gear,  for  the  Water-works  at  Pawtuoket,  Rhode  Island  (U.  S.  A.)  by  Mr. 
George  H.  Corliss,  of  Providence.  In  addition  to  its  Valve-gear,  this  construction  presents  many 
interesting  details.  The  two  horizontal  cylinders  are  15  in.  (380  mm.)  and  30  in.  (762  mm.)  bore, 
and  have  each  a  stroke  of  2  ft.  6  in.  (762  mm.).  The  governor,  common  to  both,  runs  the  engine 
at  52  revolutions  per  min.  which  corresponds  to  a  mean  piston  speed  of  4  ft.  4  in.  (1.32  m.) 
per  sec. 

The  pumps  are  double  acting  plunger-pumps,  with  the  plungers  attached  to  the  prolonged 
piston-rod;  their  diameter  is  lOy^  in.  (267  mm.),  and  the  piston-rod  is  2Vj  in.  (63  mm.)  diam. 
The  suction  and  delivery  pipes  are  15  in  (380  nmi.)  diam.  The  end  of  the  piston  rod  is  connected 
by  a  short  rod  to  a  peculiarly  formed  rocking  lever.  The  lower  portion  of  this  lever  consists  of 
a  cast-iron  segment,  whereas  its  upper  part  is  enclosed  by  four  wrought  iron  rods.  They  are 
coupled  with  the  cranks  on  the  ends  of  the  fly-wheel  shaft  by  connecting  rods.  The  fly-wheel 
shaft  rests  on  bearings  carried  by  the  pump  castings.  The  fly-wheel  is  18  ft.  (5.48  m.)  in  diameter. 
The  construction  of  the  fly-wheel  is  also  patented,  and  consists  of  six  equal  parts,  each  forming 
a  part  of  the  boss,  wheel-arm  and  a  segment  of  the  rim.  These  parts  are  connected  by  screw- 
bolts,  working  in  radial  flanges. 

The  air  pump,  which  is  20  in.  (508  mm.)  diam.  and  of  7Va  in.  (190  mm.)  stroke,  is  ar- 
iranged  vertically  under  the  engine-floor,  and  is  driven  by  a  rod  linked  to  the  side  of  the  fore- 
mentioned  cast-lever. 

Some  additional  interesting  particulars  of  this  Engine  or  rather  of  working-results  obtained, 
were  published,  towards  the  end  of  last  year  by  Engineering*)  though  our  contemporary,  is  evi- 

*)  d.  5  Sept.  1879  et  feq. 
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dently    in  error,   when  it  states  that  this  Engiiit*  is  fitted  with  valve-gear    ot  the    samt;   pattern 
Mr.  Corliss  applied  to  his  large  engine  at  the  Philadelphia  Centennial  Exhihition  of  1876.    As  at 
example  of  American  go-aheadism,   the  present  engine  is  said  to  cover  no  less  than  thirteen 
ferent  patents! 


h.   Pr.  Van  ileii  Kerch  ore,  of  Ghent. 

These  Engineers  were  the  first,  to  introduce  Corliss  engines  into  Belgium  and  Holland, 
have  constmcted  many  of  these  Engines  —  amongst  which  are  some  very  powerful  constmetioDfl  i 
chiefly  of  the  earlier  Corliss-types,  Of  late  years,  they  have  however,  adopted  the  VI  Corliss  vail 
gear  with  some  modilications,  as  illustrated  on  Plate  64,  by  a  pair  of  Beam-engines. 

A  glance  at  these   drawings   will  shew,   that  this  Engine  merely  differs   in  certain  rail 
details  from    the  original  Corliss-engine   of  the  Philadelphia  Exhihition   —   vide  Plate  1   — ; 
valve  gear,  has  however  been  altered  to  our  designs  Figs,  7 — 10. 

The  rocking-plate,  placed  somewhat  to  the  side  of  the  cylinder  centre,  is  of  peculiar  fdU 
For  admission  purposes,    it  gives  motion   to  the  cast  iron  double  levers  B  B^  which  do  not  osd 
late  on  the  valve-spindles  but  on  a  special  stud.    To  its  shorter  arm  B^  a  flat  bar  C  is  suspendd 
the  lower  end  of  which,  rests  on  a  cross-piece  //  of  equal  thickness.    Both  parts   can  slide  fr« 
in  a  slot  of  the  dash-pot  piston  Q.     The  same  stud  of  the  lever  B,   also  carries  a  flat  rod  J,  t^ 
lower  end  of  which,  is  fitted  with  a  projecting   steel   nib  n^    gearing  on  to  a  steel  catch  pi  jf 
rigidly  fixed  behind  the  buffer-piston^  a  flat  spring  being  applied  as  usual.     The  lever  L  motirj 
on  the  valve-spindle    is  rigidly  connected  with  the  dash-pot  piston  Q  by  the  rod  P.      The  rilw*  i 
spindle  bracket  has  another  stud   on  which  the  lever  H  is  mounted;   the  latter  is  connected  iH4 
the  governor   by  the  rod  J/,    whilst    it  carries   a  pin  r   about   its  middle,   which   at   proper  tijWj 
comes  in  contact  with  the  forementioned  rod  •/,  and  causes  disengagement  to  ensue.    To  understj 
the  action  of  these  mechanical  details,    let  us  look  to  the  position    of  the  meohanism  repreeecill 
in  Fig.  10.     The  valve  has  here  closed  the  steam-port,   the  spiral  spring  S  in  the  dash-pot  is  i 
its  expanded  state,  and  the  lever  B  as  well  as  the  flat  rods  C  and  J  are  in  their  highest  poBiti<ii 
With  the  downward  movement,  the  spiral  spring  S  becomes  compressed  by  the  cross-piece  //s 
rod  t\  w^hilst  n  and  o  are  approaching  to  each  other,  ultimately  engaging  themselves ;  our  Fk 
oorresponds  to  this  position. 

The   ascending  movement   of  the    lever  B  simultaneously  raises   the  dash-pot  piston, 
consequently  also  the  lever  L,  so  turning  the  valve.      When  the  rod  J  becomes   disengaged, 
dash-pot  piston  Q  falls,    —   because  the  spiral  spring  is  pressing  against  its  bottom  —  and 
the  valve  round  to  its  closed  position. 

This  valve-gear   difl'ers  therefore   from   the  VI  Corliss- valve-gear,   that   in   the   pla 
vacuum,   spiral   pressure   is  again   employed,   spring-compression    taking   place   during   the 
travel  of  the  mechanism.     This  arrangement  is  specially  valuable,  on  account  of  the  spring  \^m 
always  uniformly  tensioned,  or  alwa^'s  working  w^th  equal  force,  independent  of  the  cut-off. 

The  cylinders  illustrated  em  Plate  64  are  each  3  ft   10  in.  (1170  mm.)  bore  and  of  lOl 
(3050  mm*)  stroke.     The  cranks  run  at  30  revs,  per  min,,  so  giving  off  a  mean  piston-speed 
to  9  ft.  10  in.  (3  m.)  per  sec. 

The  steam-cylinders  are  not  jacketed.    The  valves  are  arranged  as  in  the  horiaeontiJ 
and   in  addition   a  capital  practical   hit  has  been  obtained    in   the    exhaust  portion,  tnasmucb  i 
during  the  half-motion  of  the  valve,  a  double  passage  is  offered  to  the  spent  steam,  as  oOf  KM 
and  7  clearly  shew. 

The  crank-shaft,  of  Krnpp  steel,  is  1  ft.  11  in.  <583mm.)  in  diara.  swelled  to  1  ft  9  in.  (583* 
at  ita  bearings.    It  carries  a  toothed  fly-wheel  in  the  middle,  the  rim  of  which  is  composed  of  ( 
segments.     The  arms  are  bolted  to  the  rim,  and  firmly  wedged  in  the  wheel- boss.     The  tiy-^fk 


maximum    power 
at  3000  HP^  which  is  transferred  on  to  a  mortice  wheel  of  9  ft*  10  in.  (3  m.)  diam. 

■■^^H  c.   J«  Joseph  Leon  Fareot  of  Paris, 

Mr.  Fareot   has   taken    out  a  German  Patent   for    a  new    dieengagement-gear,   allowing  a 
rof  expansion  between  0,0  and  0.8  stroke  for  working  with  only  one  eccentri(j» 


W3>- 


Pifi,  .1155— .171. 

[As  the  oomplicated  natui'e  of  this  raeehanisni,  will  piobably  present  its  further  application 
intent  ourselves  here  by  illustrating  the  same  in  Figs.  ^65— »'ni.     It  serves  as  an  additional 

of  the  zeal  displayed  in  attempting  to  extend  the  range  of  automatic  expansion,  available 
m£  eccentrio* 

Dgerliauser  Actlen-Masehiiieiifabrlk  mid  Elsenglesseret  —  Formerly  Messrs.  Horiiung  & 

Rabe  —  of  Saiigerhauseii. 

{Type :    Kliebiseh.) 

We  described  on  pg,  69  Kliebrich's  Automatic  Variable  Expansion-gear,  and  as  in  a 
juent  application  to  a  45  HP  Horizontal  Engine,  the  same  Valve-gear  has  received  such 
^improvement,  we  feel  called  upon  to  illustrate  the  latter  on  Plate  66. 
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The  same  principle  has  been  retained,  and  this  remark  applies  equally  to  the  general 
design  as  our  Fig.  1 — 3  (Plate  65)  conclusively  prove.  It  is  the  disengagement-gear  however, 
which  has  assumed  quite  a  different  form  as  our  Fig.  6  indicates.  As  in  the  first  named  arrange- 
ment, a  transverse  lay-shaft  carries  three  eccentrics,  one  of  which  drives  the  two  exhaust  valves, 
whilst  the  other  two  each  drive  one  admission  valve. 

The  admission  eccentric-rod  A  is  linked  to  a  cranked  lever  B\  the  other  ^teel-armoured 
arm  of  the  latter  gears  on  the  wedge  formed  trigger  iV,  which  articulates  in  a  slot  of  the  dash- 
pot  piston-rod  end  C,  and  is  prevented  from  falling  hy  the  spring  a.  When  the  eccentric  moves 
in  the  direction  of  the  inscribed  arrow,  the  inlet  valve  is  thereby  opened.  For  disengagement 
purposes,  a  small  horizontal  slide  is  furnished  at  D^  with  a  movement  block  which  slides  to  and 
fro,  according  as  the  horizontal  governor-rod  acting  on  the  lever  Ri  R  and  link  E^  desires  it  to 
do;  this  block  has  an  adjustable  steel  finger  r  attached  to  it.  Disengagement  will  therefore  ensue, 
when  this  projection  r  has  sufficiently  pressed  the  trigger/iNT  against  the  spring-pressure  «,  to 
cause  the  free  arm  of  the  lever  to  be  ^relieved  from  the  trigger,  whereupon  the  spring  in  the  dash- 
pot  acting  on  the  valve-spindle  closes  the  admission  valve. 

The  object  of  the  slide  2>,  which  we  likewise  found  introduced  in  the  Marky  &  Schulz 
Valve-gear  *),  is  to  prevent  any  reaction  on  the  governor;  for  the  pressure  already  largely  reduced 
through  the  acuteness  of  the  trigger-angle,  acts  vertically  to  the  direction  of  motion  of  the  fingers 
so  that  the  governor  has  merely  to  overcome  the  friction  of  these  pressure-components.  The  chief 
improvement  in  this  Valve-gear,  consists  in  this  certain  guide  the  slide  affords  to  the  block  and 
to  its  projecting  finger. 

Working  at  90  lbs.  pressure  and  running  at  55  revs,  per  min.  the  Engine  drawn  on  our 
Plate  65,  developed  45  horse-power,  cutting  oflf  at  V4S  ^^  V6=  stroke  when  non-condensing,  and 
at  VsS  to  Vio*i  when  working  as  a  Condensing  Engine. 

The  cylinder  diam.  is  quoted  at  1774"  (*50  mm.)  and  its  stroke  is  37 Y^"  (950  nun.),  so 
that  a  mean  piston-speed  of  5  ft.  9  in.  (1.75  m.)  per  sec.  is  obtained.  The  constructive  details  of 
these  parts  are  the  same  as  were  previously  discussed,  so  that  we  may  content  ourselves  by  add- 
ing a  few  additional  particulars.  The  diam.  of  the  steam  supply  pipe  is  5  in.  (125  mnt)  so  that 
its  bore  is  Vi8=  ^^  size  of  the  cylinder  cross-area;  the  ports  are  16y8"  long  X  1  in.  wide 
(410x23  mm.),  so  presenting  ^jn^^  part  of  the  cylinder  bore-area. 

The  lineal  lead  of  the  admission-valve  amounts  to  Vigth  in.  (2  mm.);  that  of  the  exhaust- 
valve  %4 — V4  in.  (5 — 6  mm.).  The  steam-ports  are  not  fully  opened,  with  earlier  cut-offs  than 
V4=  stroke,  still  this  does  not  cause  any  wire-drawing  of  the  steam,  as  its  velocity  does  not 
exceed  195  ft.  (30  m.).  The  annexed  Indicator-diagram,  taken  off*  this  Engine,  proves  its  superior 
working  with  early  cut-off's.     The  curve  a  was   obtained  by  pressing  the  governor  done  by  hand, 

when   the  Engine   was   running  at  80  revolutioM 
per  min.  with  a  boiler-pressure  equal  to  4.4  atm* 
(66  lbs.).     When  merely  driving  the  shafting,  the 
steam  expanded   below    atmospheric  pressure,  M 
shewn  by  curve  6;  in  this  case  the  pressure  in  the 
boiler  was  4.65  atm.  and  the  number  of  revs.  60. 
The  waved  portion  of  these  curves  is  due  to  tb© 
vibration    of  the   indicator-spring.    The  range    ©^ 
expansion  is  limited  to  %  stroke.    The  exhaust  pipe  is  6  in.  (150  mm.)  diam=  V^  cylinder  cro0»- 
area;   the   exhaust  passages   are    167$  in.  longXlYs  in.  wide  (410x34  mm.)   and  stand  thus    ^ 
the  proportion  of  ^/n-^  to  the  cylinder  bore-area. 


♦)  see  pg.  66. 


Fig.  372. 
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I  Tlie  connecting  rod  is  8  ft*  P/-2  in.  (2480  mra.)  long   or  5.22  times  the  crank-length;   it  is 

fide  strongest  at  about  Vs  f>f  its  length  from  the  crank-pin  end.    Crank-shaft  is  9  in.  (230  mm.) 
diam.  aiul  slightly  reduced  where  it  fits  in  the  crank.     It  carries  ii  flywheel  of  13  ft.  (4  m.)  in 
im*  mounted  in  two  parts,  and  of  16%  in.  (410  nmL)  on  its  face.     The  power  is  taken  oflf,  by  a 
ttoo-belt  IP/b  in.  (300  mm.)  wide. 

The  valve-gear  motion  rods  are  all  made  adjustable  by  screw-joints.    The  Proell  governor 
driven  at  107  revs, 

•  This  Engine-type,    displays  a  well  thought-out  design,  and  may  unquestionably  be  classed 

ongst  the    most   important   constructions   of   the    day,   controlled  by  antoniatic  variable  expan- 

rgear. 
P-.   Bcrger  Aiidr6  &  Co.,  Engineers  of  Tliaiui  (Alsatia). 

In  their  patented  Corliss-enerine  arran element,  this  Engineering  Firm^  have  sought  to  com- 
!ie  the  advantages  of  the  ordinary  Corliss- engine,    with  the  merits  of  the  Wheelock  engine-type, 
far  as  regards  the  external  motion  of  the  admiasfon  from  the  exhaust^ valves. 

We  have  drawn  one  of  Messrs.  Berger  Andre  &  Go's  Valve-gears  on  Plate  64. 
The  tail-end  of  an  eccentric,  articulates  a  treble  lever  A^  which  is  mounted  on  a  hollow 
i»idle  forming  the  prolongation  of  the  valve  spindle  bracket  7'  —  Eig.  4  — .  Tlie  lever  L  carried 
the  exhaust-valve  spindle  is  rocked  by  a  stud  on  the  oscilating  lever  A,  The  arm  B  of  the 
ber  is  linked  by  rod  C  to  another  rocking-lever  D  furnished  with  the  trigger  N  for  working 
admissiim-valve,  and  also  mounted  on  a  hollow  spindle.  This  trigger  N  gears  on  to  a  disc- 
Jment  G  keyed  fast  on  the  inlet-valve  spindle.  The  last  named  hollow  spindle  or  stud,  carries 
loose  finger-plate  r  connected  by  suitable  link-gear,  with  the  governor.  As  soon  as  the  catch- 
tte  0  of  the  trigger,  comes  in  contact  with  the  finger  r,  the  trigger  becomes  raised,  and  disen- 
gr<^ment  ensues.  The  sbut-off  action  is  efiected  by  the  previously  described  Corliss  vacuum  piston, 
>uld  the  strap  driving  the  governor  break,  by  some  mishap  or  other,  a  second  finger  r^  eonics 
contact  with  another  catch  portion  of  the  plate,  so  equally  raising  the  trigger,  and  shutting 
st^am. 

The   third  arm  //  of  the  lever  A  is  connected  with   the   other   exhaust   valve    lever  —  of 
kilar  design  to  the  preceding  A  — ,  where  the  same  mechanism  is  repeated. 

Though  this  arrangement  dispenses  with  one  wrist-plate,  and  only  uses  three  motion-rods 
peculiarly  conipHcated  form  of  the  levers,  renders  the  external  valve  far  more  intricate  than 
Wheelock-gear. 


B.   EngliieH  worfeiiip:  with  liotary-valves. 

a.   Wahlemar  Fritseliw  of  Breslan. 

The  special  advantage  of  the  Roeking-valve  gear  designed  by  Mr.  Waldemar  Pritsche  of 
Bslan,  consists  in  its  allowing  a  higher  Engine-speed  than  most  of  the  other  rocking-,  lifting-  or 
3ing-valve  gears  permit. 

As  the  annexed  Figs.  373—375  shew,  this  arrangements  consists  of  two  admission  and 
D  exhaust  valves,  placed  in  regards  to  the  cylinder,  similar  to  the  Corliss-style.     The  revolving 

Eves  are  cylindrical  in  form,  and  are  each  fitted  with  three  steam-passages.     The  pressure  of  the 
am,  merely  presses   the  valve  against  its  somewhat  protruding  part-seating,  and  with  each  re- 
lation  i)f  the  valve  the  con*esponding  steam-port  is  opened  and  shut  three  times;    consequently 
fe  valve  need  only  make  ^3  revolution  to  every  crank-re vohition.     The  lay-shaft  A  parallel  with 
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the  piston-rod,  is  driven  by  bevel-wheels  off  the  crank-shaft,  and   it  works  the  fonr-valve-spin 
by  skew-gear  as  shewn  in  Fig.  373. 

The  expansion-valves  are  placed  inside  the  admission-valves,  and  though  they  fit  cloi 
to  4he  latter,  still  they  do  not  revolve,    hut   are    merely  rocked    to    and   fro  at  be  bidding  o( 
governor  with  which  they  are  indirectly  connected;   in    this    manner  an  automatic  variable  m 
is  obtained.    The   connection  with   the  governor   is    effected   off  the  small-crank  D  and  linki 
the  governor-collar. 

As  the  power  required  for  shifting  the  expansion-valves  may  at  times  vary  considera 
the  moving  of  the  latter  is  obtained  indirectly  off  the  governor,  by  the  insertion  of  an  i 
1  mediate  mechanism,  illustrated  in  section  in  Fig.  375.  As  this  mechanism  follows  the  rise* 
fall  of  the  governor,  the  action  of  the  latter  on  this  mechanism  remains  the  same  foi 
positions. 

The    collar  of  the  ordinary"  governor,   has   a  double  friction-cone  a  attached  to  it,  so 
the  latter  is  compeEed  to  revolve,  and  rise  and  lall  with  the  governor-collar.    The  top  and  lfl| 
portions    of   this    friction-cone,   are   furnished    with    hollow-cones,    to 
which  the  bevel  wheels  />  and  c  are  bolted,  the  latter  gear  on  to  the 
bevel-wheel  d.    These  three  wheels  are  kept  in  their  proper  positions 
by  the   casing  /,   which   is  made  to  rest  on  the  bevel-wheel  c.     The 
governor-pillar  enables  this  casing  /,  to  slide  vertically,  though  it  is  g 
prevented  from  turning.    The  boas  of  the  lower  wheel  c^  is  extended  e* 
to  form  a   screw  for  a  nut  to  work  on;   this  nut  is  rigidly  fixed  to 
the   governor-pillar.     Consequently   this    threaded    boss   carries   the 
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three  bevel  wheels  as  well  as  the  casing.    According  as  the  revolving'  governor  holds  the  fifid 
cone  a  out  of  gear  with  both,  or  in  gear  with  the  upper  or  lower  hollow  cone,  so  the  bevel  w 
<?  will  either  be  stationary  or  be  turned  to  the  right  or  tu  the  left.    But  at  these  rotations  uf 
bevel  wheel  c,  cause   the  wheel  boss  to  screw  out  and  in  of  the  nut,   the  casing  becomes 
lifted  or  sunk,  which  will  be  seen  to  correspond  to  the  governor-balls  rising  or  falling. 

This  mechanism  consequently  follows  exactly  the  vertical  motions  of  the  govemor-cal 
it  secures  equilibrium  of  the  governor  during  the  various  declensions,  and  gives  off  eertaiu  gni 
of  expansion  according  to  the  positions  of  the  governor. 


Cauiiii  &  Neiiiiiaiiii,  of  Frankfort  on  the  Oder. 

The  balanced  Rotary-valve  of  Cam  in  &  Neumann  is  arranged   with  automatic  adjustment, 

limilarly  adapts  itself  to  high-speed  Engines,  on  account   of  its  continuous  revolving  motion 

If  the  crank-ahaft  revolution  number.     Two  pairs  of  bevel  wheels,   and  an  intermediate  shaft 

motion   to    the  valve-gear.  j^^.  ^m 

NTood-cut  Fig.  376,  shews  a 

;udinal    section,     a    trans- 
section  through  the  cylin- 

nd  valve-chest  being  repre- 

i  in  Fig.  377. 

A  steep-inclined  cone  «, 

nng    on    a    corresponding 

-seating  (shewn  in  plan  in 

378)   receives   fresh    steam 

gh  two  opposite  steam-pas- 

b;  it  gives  the  steam  off 

.  into  one  of  the  cylinder- 
through    two    openings    d^ 

kre  also  diametrically  ar- 

vm  the  conical  «lide-sur* 

'  "TPke    latter    is    moreover 

ihed  with  cover-surfaces  for 

ompression    and    expansion 

5  steam,  which  smiaces  are 

ally  arranged  symmetrically 

e  two  admission-passages. 
The  openings  of  the  co- 
slide -surface,    limited    by 

iges  of  the  expansion  and 

ression-surfaces,    allow   the 
steam  to  enter  the  valve- 

■D  pass  out  again  in  the 

Rr  or  into   the   condenser. 

irolonged    valve-spindle    e 
I  through   the   valve-chest 
j-box,  and  it  has  the  bevel- 
keyed    on  for    working 
re,   and   it    rests    on    a 
id  p  which  siniultane- 
pves  as  packing  and   a 
E>r  inner  expansion-valve  pij^.  377. 

l€.     A   hollow   cylinder  A, 
de  to  lie  on  the  gland  ^,   and   it  is  so  supported  as  to  be  only  able  to  move  axially  to  the 
Lf  Vfi  in.  (5  mm.).     The  outer  surface  of  this  cylinder  rests  against   an   india  rubber  plate 
i  with  hemp,  on  which  the  boiler  pressure  is  made  to  act  —  see  Fig.  377.  — 

The  tendency  of  the  fresh  steam  on  the  rotary-valve,  is  to   force  the  latter  away  from  its 
and  this  pressure  is  transmitted  on  to  the  gland  ff  and  thence  on  to  the  india  rubber  plate  t 
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to  be  here  counteracted  by  the  boiler-steam  pressure.  According  as  the  pressure-surface  of  the 
india-rubber  plate  is  large  or  small,  the  rotary  valve  will  be  more  or  less  balanced;  if  the  plate 
pressure  surface  is  therefore  made  of  the  correct  size,  it  is  evident  that  the  valve  must  sit  close 
on  its  seating,  till  a  wear  and  tear  of  \^  in.  (5  nmi.)  has  taken  place  in  the  valve  seating-surfaces. 
Consequently  this  rotary  valve  design  not  merely  balanced,  but  adjusts  itself  automatically  so  long 
as  the  prescribed  limit  of  wear  and  tear  is  not  exceeded. 

An  expansion-valve  with  four  openings  is  inserted  in  the  rotary  valve,  and  is  connected 
by  its  lever  k  with  the  governor.  The  latter  therefore  gives  it  a  rocking  motion  so  regulating 
the  admission  of  the  steam  to  the  rotary  valve.  If  the  governor  causes  the  expansion  valve  to 
oscillate  in  equal  direction  with  the  rotary  valve,  steam  is  allowed  to  pass  longer  through  the 
steam-passages,  and  in  this  manner  an  automatic  variable  cut-off  between  0.0  and  0.4  stroke  is 
obtained.  Referring  to  Fig.  377,  in  which  a  certain  position  of  the  expansion  valve  to  the  rotaij 
valve  is  illustrated,  E  denotes  the  duration  of  admission,  X  indicates  the  expansion-period,  A 
shews  the  exhaust,  and  lastly  C  refers  to  the  compression-period. 

c.  Feodor  Siegel  of  SchOnebeck  on  the  Elbe. 

A  valve-gear  patented  by  Messrs.  A.  Behne  &  F.  Siegel  is  usually  fitted  to  the  Three- 
cylinder   Engine   constructed   at  the   Works   of  Mf.  Feodor  Siegel.    We  represent  one   of  these 
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Fig.  380-388. 


Hingle    acting  Engines   in   our   annexed   Figs.  380 — 382.     The   three   cylinders  are  placed  close  to 
each   other,   in   vertical   positions,    with    their   axes   in   one   plane.     These  cylinders  are  left  open 
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towards  their  Qrank-shaft  ends,  and  the  cranks  are  set  at  ]20<^  to  each  other.  The  crank-shaft  is 
8iq>ported  hy  a  cylindrical  casing  completely  boxed  in,  excepting  that  its  top  carries  a  small  pipe 
oommonicating  with  the  atmosphere.  The  interior  of  this  casing  consequently  also  communicates 
with  the  open  cylinder-ends;  any  steam-leakage  therefore  escapes  through  the  formentioned  pipe. 

These  steam-cylinders  being  single-acting,  the  piston-rods  are  merely^  in  compression,  dur- 
ing the  whole  of  their  work.  The  three  steam-passages  «,  as  well  as  the  steam  supply  and  ex- 
hust  pipes,  abut  in  the  valve  chest  H.  The  main-valve  driven  by  a  pair  of  bevel-wheels  and  a 
disc  G  which  carries  the  hand-wheel  R  along  with  it  owing  to  the  protruding  stud  r,  works  in  such 
a  manner  as  to  place  the  working  pistons  in  communication  with  the  steam-supply  pipe,  whilst 
the  returning  idle  pistons  are  in  communication 
with  the  exhaust  The  proper  distribution  of  the 
steam  through  the  ordinary  rotary  valve  —  shewn 
in  plan  in  Fig.  382.  —  is  obtained  by  placing 
the  outlets  of  the  three  passages  in  the  valve- 
chest  at  1200  apart. 

The  Engine  is  reversed  by  turning  the 
valve  by  the  hand-wheel  IL  The  latter  has  the 
pin  z  fixed  to  it,  to  gear  in  a  concentric  groove 
the  disc  6,  which  permits  the  hand -wheel  to  be 
tamed  round  180^.  The  main-spindle  consists  of 
two  parts;  namely  the  upper  part  with  the  disc 
G  keyed  fast,  and  the  lower  part  connected  with 
the  valve.  If  the  Engine  is  to  be  reversed,  the 
shot-off  valve  is  closed,  whereupon  the  Engine 
OQDifls  to  a  stand-still;  the  hand -wheel  is  then 
turned  in  the  same  direction  as  it  was  previously 
running,  and  as  far  round  as  the  groove  permits. 
The  shut-off  valve  is  then  re-opened,  whereupon 
the  engine  moves  in  a  contrary  direction. 

As  this  type  of  Engines  is  intended  for 
high-speeds,  all  the  moving  parts  are  boxed  in, 
so  as  to  prevent  accidents. 

The  lubricating  method  still  remains  to  be 
described  and  the  manner  in  which  the  valve 
and  as  well  as  the  three  cylinders  are  lubricated, 
is  as  peculiar  as  it  is  practical.  The  lubricator- 
cup  F  delivers  the  lubricant  in  the  first  instance, 
through  two  passages,  to  the  valve,  so  oiling  the 
latter.  Any  excess  of  the  lubricant,  is  then  car- 
ried by  the  steam  uniformly  into  the  cylinders. 
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C.   Automatic  Engine-stop  apparatus. 

By   M.   A.  Starke   of  Hirsehberg   (SUesla). 

To  prevent  the  ^^running-away"  of  Engines  at  any  time,  the  automatic  Engine  stop-appa- 
ratus, illustrated  in  Figs.  383 — 386,  has  been  designed  and  patented  in  Germany  by  M.  A.  Starke 
of  Hirschberg  (Silesia).  At  allows  itself  to  be  applied  to  any  Engine,  and  is  specially  adapted 
to  Motors  working  with  automatic  Variable  Expansion  gears. 
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The  cause  **ruiiain^  away"  of  an  Engine  may  either  be  caused  by  breakage  of  the  gom^ 
nor -driving  mechanism,  or  by  the  steam-supplying  valves  refusing  to  shut  To  compeiisata  M 
both  of  these  causes,  the  gresent  Apparatus  has  been  devised:  An  independent  shut-off  valve iP 
placed  between  the  steam-cylinder  and  the  ordinary  stop-valve.  Before  starting  the  Engine,  tie 
tenter  opens  the  former,  and  it  remains  thus  open  during  the  usual  running  of  the  Engiue,  as  it 
is  acted  upon  by  a  brake  mechanism.  The  stop-apparatus  then  comes  into  action,  when  the  govcr* 
nor  assumes  either  its  highest  lift  or  greatest  fall  for  then  the  governor  releases  the  brake-i 
chanism  employed  in  the  keeping  open  of  this  extra  stop-valve. 

The  cast-iron  bracket  a  is  bolted  to  the  governor-pillar  by  the  bolts  //  6,  and  the  rod 
connected  with  the  governor-links.  The  lever-block  d  moving  vertically  in  a  planed  slide,  is 
ried  by  the  rod  c;  the  arms  of  the  former  have  rods  ee^  suspended  from  them,  and  carry  "do 
aetrscrews  fj\.  These  rods  ee-y  pass  loosely  through  a  cross-beam  g^  which  at  one  end  is  linke 
the  pressure  bolt  i,  and  at  the  other  end  to  the  escapement-bolt  L 

With  ordinary  ruonig,  the  cross -beam  g  remains  in  horizontal  position,  inasmuch  u 
the  escape-bolt  k  rests  on  a  with  its  shoulder,  whilst  a  lightly  compressed  spring  presses  tk  , 
pressure-bolt  I  upwards.  The  position  of  the  double-nuts  jf,  is  so  chosen,  that  they  may  roerclj , 
come  in  contact  with  the  beam,  when  the  governor  is  in  either  of  its  extreme  positions;  winaj 
contact  occurs  the  bolt  k  becomes  lifted.  The  lower  end  of  the  latter  is  in  the  form  of  a  loot^f 
in  order  to  allow  the  slide  n  to  lay  itself  against  it.  This  slide  is  carried  in  a  horizontal  guiifc^  | 
and  its  under  side  forms  a  rack  into  which  a  partly  toothed  wheel  o  gears.  A  steel  band  q  con-  j 
nected  with  the  shut-off  organ,  is  placed  round  the  circumference  of  this  wheel  o. 

As  long  as  the  slide  n  trips  against  the  bolt  1*,  and  is  thus  kept  stationary,  the  sliui  \ 
valve  remains  open;  if  this  bolt  is  however  lilted,  then  the  closing  of  the  valve  ensues,  as  tm\ 
readily  imagined.  This  closing  motion  winds  up  a  light  spring  p,  placed  inside  this  wheel  <»/ 
the  purpose  of  bringing  back  automatically  the  slide  n  when  the  stop-valve  is  again  opened. 


General  Constructive-principles. 

1.  Of  the  Valve-gears, 

If  we  look  back  on  the  various  valve-gears,  which  bave  formed  the  subject-matter  of( 
preceding   pages,    we   shall   find  that  in  each  of  the  chief  groupes  of  rocking-,   and  slide  and 
valve-gears,   external  mechanisms   recur  which   not   only   bear  great  similarity  to  each  other, 
which   in    certain    cases   are    exactly  alike   in  principle.     In  order  to  form  an  opinion  r^sp 
the  general  constructive-principles  of  the  various  Valve-gears  motions  it  matters   little,  even  ! 
a  theoretical  stand-point  whether  any  of  the  valves  are  worked  by  this  or  that  external  meohnnii 
The   grouping   of  the    valve-gears   according   to   the   steam-distributing   organs,   has   merely 
adopted  from  a  practical  point  of  view,    because  this  treatment  offers   itself  as  the  best^  and 
dist  way  of  shewing-np  these  characteristics  most  suited  to  the  requirements  of  ''actual  pradia 
The  careful  reader  will  not  have  missed  observing  the  inner  relationships  existing  amongst 
of  the  preceding  mechanisms,   and   no   doubt  he   will  have  derived  greater  satisfaction  m  tiiil 
speot,   the   more   he   has   penetrated  into  the  objects  of  the  constituent  organs,   and   the  tnotel 
ba«  compared  the  valve  and  the  advantages  of  the  latter,  amongst  each  other* 

We  may  appropriately  give  a  short  resume  of  the  different  proposals  made  for  the  piiij<  I 
of  placing  our  modern  Valve-gears  in  certain  groupes  or  divisions* 
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fimil  Blaha  in  his  "Steaerungen  der  Maschinen**  divides  Corliss  valve-gears,  aocordiiig  to 
a  proposal  emanating  from  F.  Wellner  &  Prof.  G.  Sohmidt,  inasmuch  as  he  terms  that  portion 
of  the  mechanism  receiving  its  motion  direct  £rom  the  engine,  the  ^active  transmitter'*  whereas 
the  remaining  portion  connected  with  the  steam-distributing  organs,  he  calls  the  ^passive  trans- 
mitter'*. In  this  manner  four  groUpes  are  obtained  as  the  active  or  passive  transmitter  is  disen- 
gaged or  altered  by  the  governor.  The  greater  part  of  valve-gear  motions,  belong  to  one  of  these 
two  divisions,  and  in  fact  we  may  add  that  it  is  the  trip-gears  where  the  active  transmitter  is 
disengaged,  and  the  lift-valve  g^ears  where  the  passive  transmitter  is  displaced. 

Miiller-Melchior  in  a  paper  contributed  to  Dingler's  Polytechn-Joumal,  divides  all  the 
valve-gears  extant,  into  two  groupes,  namely  Positive  valve-gear  motions,  and  secondly  into  Ex- 
pansion-gears (according  to  von  Beiche)  which  again  may  be  subdivided  into  such  as  offer  isochro- 
nous (equal  timed)  in  contra-distinction  to  those  which  offer  allochronous  disengagements  (cut-offs). 
With  Expansion-gears  working  with  isochronotis  disengagements,  the  steam-distributing  organ,  ad- 
vances in  the  same  degree  as  the  disengagement  gear,  that  is  to  say,  the  co-operating  borders  of 
tlie  admission  become  larger  in  the  same  proportion  as  the  distance  between  the  co-operating 
edges  of  the  disengagement-gear  becomes  reduced.  Amongst  this  class  trip-gears  figure  con- 
spicuously. 

On  the  other  hand,  an  allochronous  expansion  gear  may  be  said  to  present  itself,  when 
the  formentioned  simultaneous  Agoing-together"  of  the  external  and  internal  valve-gear,  no  longer 
takes  place,  but  where  instead  the  longitudinal  and  transverse  motions  of  an  eccentric-rod  are 
used,  for  acting  respectively  on  the  valve-opening,  and  on  the  distance  between  the  ^striking" 
edges.  In  these  valve-gears,  the  steam-distributing  organ  may  still  become  disengaged  during  its 
return,  so  allowing  a  range  of  expansion,  between  0.0  and  1.0  stroke.  The  latest  Valve-gears  of 
Sulser,  Quillacq,  Trappen,  Euchenbecker,  Teiohmann  etc.  belong  hereto,  and  which  are  classed  as 
"Valve-gears  with  positive  opening  and  negative  closing  of  the  inlet-valves". 

Fine  and  ingenious  as  such  divisions  appear,  and  however  well  they  may  adapt  themselves 
to  theoretical  investigatives,  still  they  are  of  little  use  to  the  practical  machinist,  inasmuch  as 
the  latter  will  always  classify  an  Engine,  according  to  its  clearly  visible  external  characteristics. 
Acting  up  to  this  practical  view,  a  classification  has  been  adopted  in  the  preceding  pages,  which 
pays  regard  to  the  types  of  steam-distributing  organs,  employed,  as  well  as  to  their  position  on 
the  cylinder,  and  which  similarly  takes  into  question  the  constituent  parts  of  the  external  valve- 
mechanism  —  whether  working  with  or  without  trip-gears.  We  now  propose  to  inquire  more 
minutely  into  the  various  valve-gear^motions,  and  their  application  to  the  three  steam-distributing 
organs,  such  as  they  present  themselves  in  the  rotary  or  rocking  valve,  the  slide  valve,  and  the 
lift-valve! 

It  is  said  that  an  American  mechanic,  named  Fr.  E.  Sickels  first  invented  a  trip-gear  in 
connection  with  a  valve-gear,  which  he  patented  about  1841.  This  mechanism  was  applied  by  the 
Engineering  Firm  Hogg,  of  New- York  to  the  Steamer  named  "South  America".  The  governor 
was  not  already  used  to  act  on  the  valve-gear.  To  Zachariah  Allen  the  merit  is  however  due  of 
having  already  invented  in  1834,  an  Expansion-gear  which  was  already  depending  on  the  governor. 
The  first  party,  who  allowed  ihe  governor  to  act  on  a  trip-gear  was  George  H.  Corliss,  who  as 
we  have  already  observed  applied  it  to  this  purpose  about  the  year  1849. 

The  characteristics  of  a  Corliss-valve  gear,  consists  in  the  four  separate  steam  distributing 
organs,  and  the  resulting  diminution  of  the  clearance  or  waste  spaces;  then  again  in  the  disen- 
gagement of  the  external  mechanism  by  the  governor  at  the  end  of  the  steam-admission  periods, 
whereby  the  work  done  by  the  Engine  is  regulated  and  constantly  performed  under  the  boiler- 
steam  pressure.  No  throttling  of  the  steam  takes  place,  however  early  the  cut-off  ensues,  because 
the  steam-ports  always  open  in  the  same  manner  no  matter  whether  the  steam  is  cut-off  early  or 
late,  whilst  the  exhaust,  with  suitable  lead  and  moderate  compression,   remains   constant   during 
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all  ranges  of  expansioiu  These  advantavea,  producing  the  smallest  consumption  of  steain 
cooaequcntly  also  of  fuel,  are  nevertheless  attended  with  the  disadvantage  of  cauaiog  a  oompli* 
cated  valve-gear  meclianisni.  Naturally  a  certain  time  must  elapse  for  what  we  may  term  thi 
negative  closing  of  a  steam-|jurt,  thence  the  greater  the  Engine-speed  the  more  inaconrate  will  tki 
closing  of  the  port  become;  for  tliis  reason  where  such  a  negative  valve-motion  is  reaorted  t«i,  tin 
number  of  revolutions  of  an  Engine  are  limited.  Probably  70  to  80  revolutions  per  minute  is  in 
these  oases  the  maximum  engine-speedy  though  Engines  working  with  rotary-valves  may  for  exaropb 
run  easily  at  over  100  revs,  per  min.  Again  Corliss  valve  gears  adapt  themselves  chiedy  to  laigi 
power-purposes,  and  presume  that  a  careful  tentering  of  the  Engine  is  available  where  they  lit 
used.  We  therefore  find  these  Corliss-gears  largely  confijied  to  extensive  power-reqniremo 
whereas  the  simple  cock-valve  (rocking  or  rotary  types)  is  judiciously  employed  for  the 
steam  motors,  and  for  intermediate  larger  sizes  we  generally  find  some  combination  of  the  or 
iiry  sUda-valve  gears. 

In  the  design  of  an  ordinary  trip-gear  in  which  all  the  four  distributing  organs  are  drif 
off  one  eccentric,  care  must  be  taken  to  limit  the  range  of  expansion  to  about  0.4  stroke,  Th  ' 
larger  the  lead-angle  is  chosen,  the  more  is  this  limit  reduced,  and  consequently  the  lead*j 
of  the  eccentric  is  generally  accepted  smaller  than  with  slide-valve-gears;  from  lO''  to  20**  is  foondl 
ample  in  this  respect  to  secure  a  sufficient  lineal  opening  in  addition,  and  no  lap  of  the  exhadit| 
working  valve  edges  is  required,  or  in  other  words,  when  the  valve-gear  is  in  its  middle  positi^  ] 
these  exhaust  working  edges  coincide  with  each  other. 

The  motion-rods,  as  well  as  the  links  connected  with  the  trip-gear  and  with  the  exbwt 
organs,  should  always  be  made  adjustable,  as  this  allows  the  valve-gears  to  be  worked  with  pal 
iiscuracy.    Thus,  if  the  lineal  lead  requires  altering,  all  that  then  becomes  necessary  is  to  alt^r  th 
length  of  the  motion  rod,  because  the  lap  of  the  valve  becomes  thereby  altered,  and  an  earlier  «f  j 
later  admission  ensues.     As  a  rule,   the   eccentric   rod  is  not  linked  to  the  wrist-plate  dir«?ct,  to| 
indirectly  by  the  intervention  of  an  adjustable  intermediate  lever- 

If,   on  the  contrary,   two  eccentrics   are  used,   then  it  becomes  an  easy  matter  to  esfa 
the  forementioned  range  of  expansion,  by  a  suitable  mounting  or  keying  of  the  admisaionn 
But   so  that    the   valve-opening   may  ensue   when  the   eccentric  is   moving    quick,    the  on 
lead-angle  is  chosen  at  20**  to  30**,   that  is  to  say  the  admission-eooentric   is  keyed  70®  to 
front  or  behind  the  crank.     In  this  manner  a  range  of  automatic  expansion   is  obtained  bet 
0.0  and  0.65  and  0.8  stroke. 

With  regards  to  the  diameters  of  these  Valves,  the  reader  will  find  the  various  sixeit 
the  annexed  Table  A,     Taking  the  average,  we  find  that  cylinder-diameter  equals   3V-B  timet  ( 
valve-diameten     Hlubeck's  engine  type  forms  however  an  exception  hereto,   as  the  valve 
is  there  half  the  cylinder-diameter.     The  width  of  the  steam-passages  is  comparatively  small,  I 
the  length  of  the  latter  is  made  as  large  as  possible,  so  as  to  obtain  a  sufficiently  largo 
even  when  the  steam-port   is   not  fully   opened   out,    such  as  happens,    for  instance,  with 
cut-offs. 

Care  must  also  be  taken  in  constructing  trip-gears,  that  their  gearing  on  to  the  atatie 
parts,  should  take  place  as  centrally  as  possible,  tor  a  one-sided  gearing  often  causes  — 
eventual  wear,  —  the  gear  to   refuse    to   work.     The  success   attained    by  the   Spencer  ^ 
Valve-gear  may  he  largely  attributed  to  the  attention  it  has  received  in  this  respect. 

Amongst    the   valve-gears  working   without  Trip-gears,   we  may  class   a  great   number 
rooking- valve   mechanisms.     The    work    of  the   oscillating   valve,   may    be   easily  referred  lo 
simple   slide  action,    for  according  as  the  lap,   and  the  arrangement   of  the  co-operating  wori 
edgea  of  the  steam-distributing  valve  and  uf  its  seating,    are  chosen  we  similarly   obtain  m? 
panaioo-grade  as  would  also  be  obtained  by  a  slide-valve  gear  working  with  one  slide. 

The  balanoed  and  non-balanced  rocking-valve  types,  have  of  late  received  much  applioAti* 
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when  non-balanced,  their  form  is  naturally  very  simple.    They  are  chiefly  worked  by  an  eccentric 
or  oonnter-orank. 

Bat  if  it  is  desired  to  obtain  a  variable  expansion,  then  the  edge  of  the  yalve  which 
onts-off  the  steam,  must  journey  over  a  different  travd  to  the  rest  of  the  edges:  this  is  only  pos- 
sible by  reducing  the  steam-distributing  organ  into  two  parts.  Whilst  the  one  valve  is  continually 
oscillating  and  so  r^ulating  the  beginning  of  the  admission  and  of  the  exhaust  periods,  the  ex- 
pansion valve  under  hand  or  governor  control  is  specially  worked  to  shut-off  quickly. 

If  in  using  this  oscillating  valve,  it  is  desired  to  approach  the  Corliss-type,  then  a  separate 
steam-distributing  organ  is  chosen  for  each  of  the  four  working  edges;  the  small  Engine  of  Fenby 
serves  as  a  good  example  in  this  latter  respect. 

Botary-valves  may  be  said  to  form  a  class  by  themselves.  Though  at  the  Paris  Exhibition 
of  1878,  this  arrangement  was  only  shewn  applied  to  small  motors,  it  would  be  wrong  to  conclude 
that  owing  to  the  various  constructive  difficulties  inherent  to  this  valve-gear,  it  will  not  be  able 
to  hold  its  own  ground.  On  the  contrary,  the  advantages  of  this  type,  consist  in  its  perfect  ba- 
lanced qualities,  enabling  it  to  be  used  at  very  high  steam  pressures  and  piston-speeds.  All  the 
OBoillating  parts  of  the  other  valve-gears,  as  well  as  their  link-combinations,  are  here  dispensed 
with,  because  continuous  rotary  motion  merely  takes  place.  Again,  the  wear  is  slight  on  account 
of  the  reduced  speed  of  the  steam-distributing  valve ;  thus  in  Badinger's,  Musil's  and  Ehrhardt's 
valve-gears,  we  noticed  that  the  valve  rotated  at  only  half  the  crank-shaft  speed,  whereas  this 
speed  was  ^further  reduced  to  one  third  in  Waldemar's  Fritsche's  Valve-gear.  We  have  already 
seen,  that  with  these  valve-gears,  expansion  is  obtained  by  a  special  expansion-valve;  the  latter 
was  made  to  rotate  inside  the  other  in  Badinger's  design,  whereas  in  Musil,  Ehrhardt's  or  Fritche's 
Valve-gears,  the  expansion-valve  is  fixed,  and  only  moved  by  the  governor.  On  account  of  the 
very  favorable  results  obtained  with  Engines  so  fitted  —  provided  higher  speeds  and  working-pres- 
snes  continue,  to  increase  in  favour  —  it  is  probable,  that  the  Botary  Valve-gears  may  become 
serious  competitors  of  the  present  highly  favored  trip-gear  types! 

The  principle  involved  in  ^^positive  motion  as  applied  to  slide-valves"  is  placed  beyond  the 
province  of  the  Work  for  reason  that  this  subject  has  already  largely  appeared  in  print. 

Beferring  to  lift-valve  gears  with  fixed  expansions,  they  are  often  worked  by  an  eccentric, 
or  still  oftener  by  cams,  the  form  of  which  determine  the  duration  of  admission  and  exhaust. 
With  this  class,  it  is  easier  to  obtain  variable  expansions,  for  reason  that  the  admission  valve 
can  be  worked  independently  of  the  exhaust-valve.  This  fact,  is  utilised  to  the  best  advantage 
by  a  number  of  machinists,  inasmuch  as  they  employ  a  number  of  differently  formed  cams,  each 
answering  to  a  certain  degree  of  expansion,  whereby  variable  expansion  it  is  obtained;  these  cams 
are  often  tmited  into  one  piece,  which  is  then  pushed  by  hand  or  by  the  governor  under  the 
valve-spindle  lever. 

In  the  way  of  combining  the  slide-valve  as  steam-distributing  organ,  with  the  Lift- valve 
for  the  expansion-medium,  we  met  with  a  number  of  constructions,  each  of  which  could  only  be 
singly  treated,  and  which  therefore  offer  no  reason  for  a  general  treatment  here.  Still  it  may  be 
observed,  that  as  in  most  of  these  cases,  the  expansion-valve  is  worked  off  a  distinct  organ,  their 
principle  admits  of  the  high  range  of  expansion  of  0.0  to  1.0  stroke. 

In  the  various  Valve-gears,  which  we  have  just  generalized,  the  strict  Corliss  principle  is 
more  or  less  imperfectly  rendered,  inasmuch  as  either  the  instantaneous  steam  cut-off,  or  the  se- 
parated arrangement  ot  the  valves  is  found  wanting. 

On  the  other  hand,  the  entire  conditions  of  the  Corliss-principle  are  fulfilled  to  the  letter 
by  the  Lift  or  Double-beat  Valve-gears,  which  we  might  conveniently  ground  so  as  being  of  the 
Snlzer-type.  These  Valve-gears  deserve  the  greatest  attention,  because  they  permit  a  quick-steam 
admission  and  an  unlimited  range  of  expansion. 

For  opening  the  inlet  valve,  half  of  the  forward  or  return  stroke  of  the  eccentric  is  used, 


286 

which  travel  oorresponds  to  the  fall  piston  stroke.  The  disengagement  of  the  edcentrio  rod,  also 
takes  place  with  the  return  of  the  ecoentric.  In  most  cases,  even  when  no  disengagement  takes 
place  the  valve  closes  the  steam-port  at  stroke-end,  consequently  Engines  fitted  with  these  valve- 
gears  can  he  worked  non-expansively. 

The  external  mechanism  of  this  valve-gear  type,  can  he  constructed  in  such  a  simple  way, 
as  hardly  seems  attainable  with  trip-gear  constructions.  We  will  for  instance  remind  the  reader 
to  the  Valve-gears  of  Kuchenbecker,  Trappen,  and  Teichmann  which  aU  bear  a  great  similarity 
to  each  other.  It  is  questionable  whether  anything  more  simple  can  be  devised  for  the  purpose, 
than  a  steel  nibbed  eccentric-rod,  or  an  eccentric  strap,  pushing  a  rod  (connected  with  the  valve- 
spindle)  in  front  of  it,  whilst  this  rod  is  simultaneously  guided  or  held  in  certain  positions  by 
the  governor. 

If  additional  conditions  have  to  be  fulfilled  by  the  valve-gear  type,  be  it  that  it  should 
adapt  itself  to  reversing  or  to  high-speed  purposes,  then  the  mechanism  naturally  becomes  more 
complicated  as  we  noticed  in  the  latest  Sulzer- engine  type,  or  in  the  Winding- engine  of 
Quillacq  etc. 

The  lift  valve-gears  with  positive-motion  throughout,  deserve  special  attention,  as  the  only 
two  representatives  of  this  type,  Collmann  and  Brown  have  lately  been  joined  by  the  ingenious 
gear  of  Mr.  Hartung.  It  is  not  to  be  desired,  that  with  high-speeds,  this  type  offers  certain  ad- 
vantages, inasmuch  as  with  the  latter,  the  closing  of  a  valve  cannot  be  retarded  through  stuffing- 
box  friction  in  case  the  dash-pot  fails  to  act. 

When  discribing  the  various  valve-gears,  with  negative  (free)  disengagement,  we  have  in- 
variably stated  the  closing  of  the  valve  to  be  instantaneous  (momentary) ;  it  is  however  self-evident 
that  a  certain  time  must  necessarily  elapse  for  the  closing  of  the  valve  on  its  seating.  Were  it 
desired  to  obtain  a  valve-lift  diagram  direct  from  the  engine,  the  closing  line  of  the  diagram 
would  intersect  the  horizontal  line  representing  the  piston-travel  not  vertically  but  in  a  slightly 
inclined  direction.  Nevertheless,  careful  indicator-trials  have  amply  proved  that  a  diminution  of 
pressure  at  the  end  of  the  admission  does  not  take  place.  Much  as  this  ^^negative  motion"  answers 
to  these  conditions,  it  also  permits  the  reverse  to  take  place.  For  many-machinists  do  not  like 
to  see  sharp  comers  in  indicator-diagrams,  but  prefer  to  see  these  nicely  rounded  off.  By  ad- 
justing the  dash-pot  valves,  a  slow  or  a  later  cut-off,  may  be  obtained,  as  we  have  already  shewn. 

As  the  preceding  remarks  shew,  though  an  instantaneous  cut-off  is  not  attainable,  still  a 
positive  movement  of  the  external  mechanism  embodying  the  closing  of  the  valve,  may  nevertheless 
yield  diagrams  which  for  practical  purposes  are  taken  to  be  ^^perfecf*  by  some  Machinists.  Still 
the  correctness  of  this  idea  is  much  disputed,  for  public  Engineering  opinion  is  largely  divided 
on  this  question.  It  may  therefore  be  advisable  to  leave  the  decision  an  open  question,  and  to 
merely  refer  those  parties  who  are  disirous  of  gaining  more  information  on  this  subject  to  the 
pamphlets  respectly  published  by  Messrs.  Sulzer  and  replied  to  by  Mr.  Collmann,  who  as  can  be 
easily  imagined  take  up  different  points  of  view  according  to  the  opposite  principles  of  the  Valve- 
gears  advocated  by  these  two  Engineers. 


II.    Constructive-principles  of  the  Steam-engine. 

In  order  to  shew  up  the  general  constructive-principles  adopted  in  the  proceeding  pages, 
in  as  short  and  yet  as  comprehensive  a  manner  as  practicable,  we  have  tabulated  the  chief  dimai- 
sions  of  the  most  important  types ,  in  the  Tables  here  annexed.  The  steam-engines  are  again 
grouped  according  to  their  steam-distributing  organs,  and  to  facilitate  reference-purpose,  the  number 
of  the  page  on  which  any  particular  Engine  is  described,  or  the  number  of  the  Plate  on  which 
it  is  illustrated,    has  been  included  in  these  Tables.     In  cases,  where   it   was  subsequently  found 
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t  certain  im|Vortant  dimensionB  had  been  omitted  from  the  Plates,  these  have  been  simihirlj 
en  U]»  in  the  Tiihk^s  tliongh  dimensions  which  seemed  doubtful  have  been  again  omitted.  As 
conversion  of  the  metrical  system  into  English  equivalents,  is  in  many  cases  extremely  tedious, 
extra  Table  has  been  added  where  tht^  metric  measures  are  accordingly  reduced,  as  it  is  thought 
t  it  will  not  only  prove  highly  i;xpoditi*jUH  for  those  using  the  Working-drawings,  hut  will 
o  serve  as  a  check  to  the  English  dimensions  inserted  in  the  preceding  pages. 

It  is  beyond  our  objoct  to  enter  into  the  theoretical  calculations  of  the  Steam-engine,  in 
>  far  as  it  is  not  depending  on  the  type  of  valve-gear  used.  On  the  other  hand^  wo  have  sought 
give  certain  numerical  ratios  existing  between  the  various  engine-parts  referred  to  and  cal- 
Eilated  from  our  Tables. 

In  the  hrst  instance  it  is  important  to  know,  the  proportion  existing  between  the  cylimler- 
iameter  and  its  stroke.     In  horizontal  single-cylinder  Engines    a  long  stroke  predominates  and: 

Piston-stroke  

Cylinder  -  diameter 

lie  greatest  stroke-ratio  (3)  is  mostly  confined  to  American  Engines,  whereas  the  Engine  ot  Messrs, 
iareinelle  tt  C<*uillet  sbews  the  smallest  corresponding  value  (1.37).  The  average  value  rtisulting 
torn  all  the  Engines  enumerated  is  howover: 

Piston-stroke  ^^    ^ 

Cylinder  -  diameter 
In  Woolf  or  Compound-engines  the  diameter  of  the  High-pressure  cylinder  is  generally  ^f^ 
jiatoii'Stroke ;  that  of  the  Low^  pressure  cylinder  is  from  '/j.^^  to  '4  piston-stroke  (Sulzer,   Escher, 
Wyss  etc.).     On  the  other  hand  the  Compound-engines  of  Messrs.  Douglas  &  Grant  and  of  Messrs. 
Clapartde  &  Co.  shew  a  peculiar  similar ityr,  inasmuch  as  in  the  twt>,  the  ratio  aflecting  the  High- 
pressure  cylinder  is  1.8,  wdiilst  that  of  the  Low-pressure  cylinder  calculates  itself  to  only  about  1.08. 
No  average-value  can  be  obtained  respecting   the  piston-speed,  —   i.   e.  number  of  revolu- 
tions —  as  this  depends  on  the  Valve-type  adopted.    Still  attention  may  be  drawn  to  the  maximum 
and  laiuimuni  number  of  revolutions  per  minute  recorded  at  125  and  30  in  our  Tables;   the  mean 
;^piatoii-8peed8  ya^ry  accordingly  from  3%  ft.    --    8  ft.  2  in.  (LO  to  '2.5  m.)  per  sec.     Quite  isolated 
■in  this  respect  is  the  high -average  piston-speed   of  the  Corliss  Beam-engine   exhibited   at  the  Cen- 
tennial Exhibition,  which  is  quoted  at  12  ft.  (3.ti6  m.)  per  sec. 

The   Bize   of   the   steam-passages    are   depending   on   the   piston-speed,    and    according   to 


umger 


Steam -port  area        


^  Constant  X  Piston-speed  ^  ^  =^  Cv 


_/.  _ 


^  Cylinder  bore- area  ^  / 

^hereby  the  constant  C  is  the  reciprocal  value  of  the  average  steam-velocity;  the  latter  was  de- 
Biniined  by  Radinger  after  many  experiments  to  equal  30  Metres  (hence  C  =^  y^,,)  in  Engines 
^htjre  the  curved  steam-passages  and  varying  port-areas,  shtjwed  no  appreciable  pressure-reduetion 

*  tlie  diagrams.    This  steam-velocity   C  ^  ^  r   is   calculated   for  each   Engine   included    in   our 

^bles. 

The  steam-pressures  at  which  these  Engines  are  worked  lie  mostly  between  4  and  6  atm, 
SO— 90  lbs.).  The  mean  pressure  may  therefore  be  taken  at  5  atm.  (75  lbs.).  Higher  pressures 
^  used  with  Compound-engines,  still  the  high  working  pressure,  that  was  for  exantple  adopted 
^3^"  Dijiglcr's  Engine,  (10  atm.  ==  150  lbs.)  has  not  again  been  resorted  to  in  later  Engine-designs. 
The  Column  referring  to  the  proportion  existing  between  the  connecting  rod  and  tlie 
'iliik,  displays  that  nn  tin  :iverage  tho  I'ormer  is  made  five  times  the  length  of  the  crank;  but 
lere  IS  a  tendency  visible  in  the  latest  Engine-constructions,  to  make  the  connecting  rod  somewhat 
Bger.     The  maximum  as  yet  attained  in  this  respect  is 

connecting  rod  length  =  <i  crank-lengths. 

1^' hi  4iiU«Tt>  Lliaa  sen  .  UorlifiS-eu^inf«v  i^7 
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Another  Column  of  our  Tables^  devotes  itRelf  to  the  proportions  existing  between 
of  the  fly-wheels  and  of  their  respective  cranks.  The  flywheel  is  mostly  used  for  g^iving  off  tb 
engine-power  direct,  by  gear,  belting  or  roping.  The  latter  is  the  most  recent  innovation  of  theie 
three  methods,  and  where  it  is  adopted  the  face  of  the  wheel  is  made  somewhat  wider,  in  ordcf 
to  take  from  6  and  12  ropes  or  less  or  more  according  to  requirements.  The  hemp-rcjpes  used  for 
driving  purposes  are  about  IVa  in,  (40  mm.)  diam. 

As  practical  data,    concerning  the  clearance  or  waste  spaces  cannot   fail  to  be  interestiii^^ 
we  may  now  refer  to  them.     If  V  represents  the  space  actually  travelled  over  by  the  piston,  and 
r„  tlie  clearance  space    at  one  cylinder-end,   theu    the   coefficient   of   the   clearance    space   will  k 

equal  to  -^  which  we  will  term 

This  coefficient  in  regard  to  Corliss-engines,  is  quoted  hy  the  majority  of  text-books  =^  O.OH 
This  value  probably  merely  allows  a  very  small    play  or  rather  space  (perhaps    Vs  in-  ^  5 
between  piston  and  cylinder  cover;  on  the  other  hand  if  tlds  space  is  extended  to  ^/jg  in.  (8i 
as  is  commonly  done  theu  m  =  0.02  to  0,0'25. 

In  Hlubek's  Engine  m  =  0.025,  Steam-motors  working  with  long  steam-passagea  hiT? 
m  =  0X)5,  and  the  same  remark  applies  to  Engines  with  the  valves  placed  on  the  side  of  tit 
cylinder.  If  the  four  valves  are  arranged  separately  m  =  0.3.  With  Engines  of  the  Suker-t}^ 
m  lies  between  the  wider  limits  of  0.026  and  0.045. 

Lastly,   in    the   combined  Valve-gear    of  the  Engine  described    as  constructed   by   Me 
Bolzano,  Tedesco  &  Co.  (Plate  63)  vi  ^  0.035,  whilst  in  Messrs.  Hocin  &  Wick's  Engine,  illustnM 
on  Plate  m,  m  =  0.028. 
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List  of  Plates  and  Working-Drawings.^ 

Vol.  n. 

Plate  XVIII.  (Figg.  1— Q).     The  variable  Double  Slide-valve  gear  of  F.  A.  Schulze,  Zeilz,  referred  to  on  pg.  I2n. 

"  "       (Figs.  10—12).  Double  Slide-valve  gear  of  E.  Skoda,  of  Pilsen,  pg.  121. 

"^  XIX.  Wilson's  Patent  automatic  variable  expansion  gear,  pg.  123. 

"  XX.  (Figs.  1—2).    Slide-valve  gear  of  J.  Edge  &  Co.,  of  Bolton,  pg.  184. 

"  "       (Figs.  3—4).    Slide-valve  gears  of  Goldie  &  Mc.  Cullocb,  of  Gait,  pg.  124. 

"       (Figs.  5-9).  ditto,  pg.  170. 

**  XXI.  (Figs.  1—6).    Expansion-gear  of  C.  Prott,  of  Berlin,  pg.  151. 

*"  XXII.  (Figs.  1-3).    Brandt  &  L'Huillier's  Slide-valve  expansion-gear,  pg.  162. 

*•  XXIL  (Figs.  4—5).    Dautzenberg's  Slide-valve  motion,  pg.  169. 

""  XXIII.  (Figs.  1—3).    L.  Nemelka's  Variable  Expansion  Slide-valve  gear,  pg.  176. 

"■  XXIII.  (Figs.  4—6).    N.  T.  Greene's  Automatic  Variable  Expansion  slide-valve  motion,  pg.  176. 

"  XXIV.  Quadruple  Slide-gear  by  Babcock  &  Wilcox,  New- York,  pg.  180. 

^  XXV.  (Figs.  1—2).    Moritz  Kucbenbecker,  of  Schweidnitz,  pg.  198. 

**  XXV.  (Figs.  3—5).    Automatic  Variable  Lift- valve  gear  of  C.  E.  Rost  &  Co.,  of  Dresden,  pg.  241. 

""  XXVI.  60  HP.  Horizontal  Cylinder  arrangement,  constructed  by  Call  Halot  &  Co.,  of  Brussels,  pg.  195. 

**  XXVII.  (Figs.  I  -4).    Lift-valve  gear  of  the  COlnische  Maschinenbau-Actiengesellschaft,  of  Bayenthal,  pg.  203. 

**  XXVIL  (Figs.  5—6).    Lift-valve  motion  of  the  Friedrich-Wilhelmshtttte,  of  MQlheim,  pg.  203. 

"'  XX VII.  (Figs.  7—8).    Lift-valve  gear  of  the  Prager  Maschinenbau-Actiengesellschaft,  of  Prague,  pg.  205. 

**  XXVIIL  (Figs.  1—4).    Automatic  Lift-valve  gear  of  Fr.  Freiesleben,  of  Niesky,  pg.  208. 

"  XXVIII.  (Figs.  5—6).    Lift-valve  gear  of  G.  Sigl,  of  Vienna,  pg.  205. 

"•  XXIX.  150  HP.  Compound  Condensing  Engine,  by  ClaparMe  &  Co.,  of  St  Denis,  pg.  208. 

**  XXX.  (Figs.  1  -  5).    Lift- valve  gear  of  Jos.  Pallenberg,  of  Mannheim,  pg.  220. 
XXX.  (Figs.  6—7).    Lift-valve  gear  of  H.  Borgsmflller,  of  Hofstede,  pg.  245. 

"  31.  Compound  Beam-engine,  fitted  with  Automatic  Variable  Slide-valve  Gear,  by  Boudier,  Fr^res,  of  Rouen,  p.  126. 

"  XXXI.  (Figs.  1—3).    Lift-valve  gear  of  C.  Trostorff,  of  Aix-la-Chapelle,  pg.  225. 

"  XXXI.  (Figs.  4—5).    Lift- valve  gear  of  A.  Knoevenagel,  of  Hannover,  pg  225. 

-  XXXL  (Figs.  6-8).    Lift- valve  gear  of  J.  Vdll,  of  Eupen,  pg.  226, 

-"  32.  Horizontal  Compound  Engine,  by  Boudier  Frdres,  of  Rouen,  pg.  146. 

"  XXXIl.  (Figs.  1—3).    Automatic  Variable  Expansion-gear,  of  the  late  A.  M5ller,  of  Ilolzminden,  pg.  243. 

-"  XXXII.  (Figs.  4—6).    Expansion-gear,  patented  by  Ed.  Hochheim,  of  Mark-Gladbach,  pg.  259. 

"•  33.  Horizontal  High-pressure  Engine,  fitted  with  Wannieck  &  KOppner's  Improved  Slide-motion,  pg.  166. 

^  XXXIII.  (Figs.  1-2).    Ex^^nsion-gear  of  Raymond,  of  Lttttich,  pg.  253. 

-  XXXIIL  (Figs.  3-4).    Expansion-gears  of  Briegleb,  Hansen  &  Co.,  of  Gotha,  pg.  258. 

"  34.  Horizontal  High-pressure  Engine,  fitted  with  Wannieck  &  KOppner^s  Improved  Slide-motion  (Constructive 

details),  pg.  166. 
**  35.  (Figs.  1—3).    Horizontal  Condensing  Engine  (Constructive  details)  constructed  by  "The  Socit^t^  Suisse,  of 

Winterthur,  pg.  234. 
*"  35.  (Figs.  4 — 7).    Horizontal  Compound  Condensing  Engine  of  W.  and  J.  Galloway  &  Sons,  of  Manchester,  p.  170. 

•*  36.  (Figs.  1—4).    Horizontal  Engine,  constructed  by  C.  H.  Brown  &  Co.,  of  Fitchburg  (U.  S.  A.),  pg.  178. 

**  36'  (Figs  5-9).    Horizontal  High-pressure  Engine,  working  with  four  Slides,  constructed  by  Wm.  Wright  & 

Co.,  of  Newburgh  (U.  S.  A.),  pg.  174. 
'*■  37.  Horizontal  Condensing  Engine,    (Type:  Zimmerman- Waldmann),   constructed  by  the  Buda-Pesth  Machine 

Works  of  the  Austro-Hungarian  Railway,  pg.  175. 
**  38.  Horizontal  Condensing  Engine  (Type:  Lebrun),  constructed  by  B.  Lebrun  &  Co.,  of  Nimy  (Belgium),  p.  178. 

*)  The  Roman  Numbers,  as  applied  to  the  Plates,  refer  to  the  small  Sketches,  whilst  ordinary  numbers  denote 
the  large  Working  Drawings. 
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Plate  39.  Horizontal  Condensing  Engine  (Type:  Wannieck-EOppner),  constructed  by  Fr.  Wannieck,  of  Brflnn,  p.  187. 

**     40.  Horizontal  Condensing  Engine  (Type:  Smrczka),  by  J.  C.  Bernard,  of  Karolinenthal,  near  Prague,  p.  189. 

**     41.  12  HP.  Horizontal  Condensing  Engine  (Type:  Theis),  J.  andV.  Florio  &  Co.,  Engineers,  of  Palermo,  p.  191. 

*^     42.  Horizontal  Condensing  Engine,  Messrs.  Artige  &  Co ,  of  Paris,  pg.  195. 

**'  43.  (Figs.  1—17).  Marine-Engine,  fitted  with  Variable  Expansion-gear  (Type:  Baird),  Messrs.  Posey,  Jones  &  (3o., 
of  New- York,  pg.  239. 

"•     43.  (Figs.  18—20).    American  Blowing  Engine  Valve-gears  of  John  Fritz,  pg.  200. 

«     43.  (Figs.  21-22)  "  "  **  "        «      of  B.  Cross,  of  Sacramento,  pg.  200. 

**     44.  75  HP.  Horizontal  Condensing  Engine,  constructed  by  the  Maschinenbau-Actiengesellschaft,  of  Ntlmberg,  p.  206. 

**     45.  Constructive  detail  of  the  preceding  Engine,  pg.  206. 

**     46.  Lift-valve  gears,  constructed  by  Briegleb,  Hansen  &  Co ,  of  Gotha,  pg.  209. 

**  47.  (Figs  1—3).  Horizontal  Engine,  fitted  with  Automatic  Variable  Expansion-gear,  by  the  Putnam  Machine  Co., 
of  Fitchburg,  (Mass.),  pg.  210. 

"*     47.  (Figs.  4—5).    Horizontal  Engine,  constructed  by  the  Hartford  Foundry  and  Machine  Co.  (Type :  Woodni£f),  p.  265. 

"     47.  (Figs.  6—10).  Horizontal  Engine,  by  the  Washington  Ironworks  (Type:  Wright),  of  Newburgh  (U.  S.  A.)p.  264. 

""     48.  (Figs.  1—8).    Lift-valve  gear  of  the  Soci4t4  de  PHorme  of  St.  Julien,  pg.  242. 

"     48.  (Figs.  0—11).  Lift- valve  gear  of  the  Soci4t6  Anonyme  de  Constructions  Mecaniques  D'Anzin  (France),   p.  2il. 

"     40.  70  HP.  Horizontal  Condensing-Engine  (Type:  1873),  constructed  by  GebrQder  Sulzer  of  Winterthur,  p.  215. 

**     50.  Horizontal  Compound  Condensing-Engine  (Type  18''8),  constructeJ  by  Gebrflder  Sulzer,  of  Winterthor,  p.  218. 

**     51.  (Figs.  1-3).    Coupled  Horizontal  Condensing  Engines  (Sulzer-type),  by  the  Maschinenfabrik  Augsburg,  p.  221. 

"*     51.  (Figs.  4—5).    Constructive-details  of  Cylinder  shewn  on  Plate  37,  pg.  221. 

^  52.  Rolling-mill  Engine,  fitted  with  Trappen's  Valve-gear,  constructed  by  the  Markische  Maschinenban-Anstalt,  of 
Wetter  on  the  Ruhr,  pg.  222. 

"     53.  (Figs.  1—3).    Lift- valve  gear  (Type:  Zimmermann),  by  Lecointe  &  Villette,  of  Saint-Quentin,  pg.  224. 

"*     53.  (Figs.  4-7).    Lift-valve  gear,  designed  and  constructed  by  the  Soci^t^  Anonyme  de  Marcinelle  &  Couillet,  p.  237. 

"     54.  Compound  Tandem  engine,  by  Escher,  Wyss  &  Co.,  of  Zflrich,  pg.  228. 

^  55.  Horizontal  Condensing  Engine,  fitted  with  the  Collman  Valve-gear,  as  made  by  the  GOrlitzer  Maschinenbaa- 
Anstalt  and  Eisengiesserei,  of  Gdrlitz  (vide  footnote  on  pg.  28,  Supplementary  Volume). 

"*  56.  High-speed  Horizontal  Engine  (Type:  Brown),  constructed  by  the  Schweizerische  Locomotiv-  and  Maschinen- 
fabrik, of  Winterthur,  pg.  233. 

""     57.  80  HP.  Horizontal  Condensing  Engine,  made  by  the  S&chsische  Maschinenfabrik,  of  Chemnitz,  pg.  235. 

^     58.  Horizontal-Engine  (Type:  Hartung),  by  the  Harzer  Actiengesellschaft  fQr  Eisenbahnbedarf,  of  Nordhausen  p.  240. 

"*     59.  Horizontal  Condensing  Engine,  made  by  Crespin  &  Marteau,  of  Paris,  pg  244. 

**     60.  Automatic  Variable  Expansion-gears  (Type:  Starke),  by  Starke  &  Hoffmann,  of  Hirschberg,  pg.  256. 

"*      61.  350  HP.  Horizontal  Condensing  Engine,  made  by  Ch.  Nolet,  of  Ghent,  pg   265. 

"     62.  Horizontal  Engine,  fitted  with  Combined  Valve-gear,  by  Socin  &  Wick,  of  Basle,  pg.  268. 

"*     63.  Horizontal  Engine,  fitted  with  Combined  Valve-gear  (Type:  Regnier),  by  Bolzano,  Tedesco  &  Co.,  of  Schlan,  p.  269. 

**     64.  (Figs.  1—2).    Compound  Pumping  Engine,  as  made  by  Geo.  H.  Corliss,  of  Providence  (U.  S.  A.)  pg  273. 

**     64.  (Figs.  3—6).    Corliss  Valve-gear,  constructed  by  Berger,  Andr^  and  Co.,  of  Thann,  pg.  277.  ' 

''     65.  3000  HP.  Corliss  Beam-engine,  constructed  by  Pr.  van  den  Eerchove,  of  Ghent,  pg.  274. 

*"  66.  45  HP.  Corliss-Engine  (Kliebisch's  Improved  Type),  by  the  Sangerhausen  Actien-Maschinenfabrik,  of  Sanger 
hausen,  pg.  276. 


Preface. 

The  present  "Slide  and  Piston  Valve-geared  Steam-Engine"  Work,  forms  the  Supplementary 
Volume  to  "Corliss-Engines"  published  in  1879—1880.  In  tone  and  tendency,  it  is  analogous  to 
the  practical  course  pursued  in  the  last  named  Work,  and  accordingly  it  has  been  primarily 
adapted  to  serve  as  a  Treatise  for  Steam-Engine  Makers,  revealing  to  the  Mechanical  Engineering 
Profession,  a  collection  of  the  most  noteworthy  Engine-types;  these  are  described  with  special 
reference  tb  their  merits  and  defects,  and  illustrated  with  sets  of  Working-drawings,  and  Sketches, 
with  all  the  necessary  working  dimensions  inscribed  thereon,  for  the  immediate  use  of  the  Pattern- 
Room  or  the  Drawing-Office. 

It  was  the  original  intention  of  my  esteemed  Colleague  Mr.  W.  H,  Uhlandy  to  exhaust  the 
subject  of  "Woolf  and  Compound  Engines"  in  the  present  Volume;  yet,  owing  to  typographical 
reasons,  this  intention  had  to  be  abandoned.  However,  this  project  will  be  carried  into  effect,  by 
treating  this  subject  as  a  separate  Work,  which  the  Undersigned  proposes  to  extend  by  similarly 
treating  of  Portable-,  Traction,  and  Tramway-Engines. 

The  present  Volume,  must  therefore  be  accepted  as  completing  "  Corliss  Engines*^ ;  thus  the 
three  Volumes  afford  a  record  of  the  development  and  constructive  principles  of  the  latest  and 
most  approved  International  Engine-practice,  by  grouping  in 

Vol.  I.:   Corliss^  Rocking-  and  Rotary  Talve-gears. 

Vol.  II.:   Slide-  and  Beat- valve  gears,  working  with  Trip-motions. 

Supplementary  Volume:   Slide-  and  Piston-Valve  gears, 

which  together  form  450  pages  of  Text,  illustrated  by  800  wood-cuts,  and  by  88  Plates  oi 
Working-drawings  appended  in  large  Atlas-form  (16 — 22  in.)  in  addition  to  53  small  lithographed 
Plates,  so  collating  about  400  Engines  belonging  to  the  Mill-driving,  Pumping,  Blowing,  Winding 
and  Marine-types  etc. 

The  Translator  avails  himself  of  this  opportunity,  to  correct  an  erroneous  impression  which 
appears  to  have  gained  some  ground,  that  the  title  of  "Corliss-Engines"  implied  the  treatment  of 
no  other  Engine  types  in  the  preceding  Volumes.  On  the  contrary,  the  "Corliss-engines"  therein 
enumerated  form  a  conspicuous  minority,  which  classification  has  been  merely  adopted,  as  it  offered 
itself  as  the  most  convenient  method  of  comparing  various  Engines  working  expansively,  with  other 
highly  approved  constructions;  the  descriptions  given  in  "Corliss-Engines",  of  the  latest  improve- 
ments brought  to  bear  on  the  details  of  these  various  Engine-types,  will  be  found  applicable  in  many 
caseSf  to  the  Engine-makes  of  those  Engineers  who  rightly  or  wrongly  discountenance  Corliss-gears, 
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and  for  this  reason,  too  much  attention  cannot  be  given  to  these  improvements  of  detail  enumerated 
in  "Corliss-Engines". 

In  conclusion,  the  Translator  tenders  his  thanks  to  those  who  have  assisted  him  in 
extending  the  present  Volume,  and  trusts  that  his  labours  in  this  direction  may  lead  to  further 
improvements  in  the  construction  of  the  Steam-Engine! 


Partington,  November  1881. 


Anaiole  Tolhausen. 
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List  of  Supplement-Plates  and  Working-drawings^. 

Ordinary  Slide-valve  geared  Engine,  as  made  by  Tangye  Bros.,  of  Birmingham,  referred 

High-pressure  high-apeed  Engine,  of  John  Bourne  aiul  Co.,  London,  pg,  22. 
Engine-typea,  as  made  by  .\fexander  and  Sons,  CirenceBter^  pg.  38. 
«      H      «    J   Maude.  Oldham,  pg.  43. 

**  u       a      a      u    Taylor  and  Challen,  Birmingbam,  pg.  38. 

**  «       u      «      »*    Deakin  Parker  and  Co,,  Salford,  p^.  ik 

"*  «        «      u      u    Marshall  Sons  and  Co.,  Gainsborotigh.  pg.  JiO. 

"  «       *i      u       «    Tiingye  Brothers,  Birniingham,  pg.  16. 

Single  Slide-valve  geared  Engine,  as  made  by  P  and  il.  P.  Gibbons,  of  Wantage,  p.   24. 
Single  Slide-valve  geared  Engine,  as  made  by  E.  R.  and  F  Turner,  of  fpswicb,  p.  26. 
Single  Slide- valve  geared  Engine,  as  made  by  Tangye  Bros.,  of  Birmingharo,  p.  16. 
Xbe  Prague  Machine  Works,  of  Prague,  pg.  152, 
W.  H.  riiland.  of  Leipzig,  pg.  44. 

3  Ilorizoiilid  Cu ndeiising  Engine,  working  with  the  Deprez  Valve-gear,  sA  made  by  Messrs.  Satr^»  and 
Averly,  of  Paris,  pg,  Gl 

"     111  Druitt-Holpin,  C.  E.  of  London,  pg.  66. 

4  iFiga.  1-  §),    Rolling-Mill  Engine,    working  with  double  ported  SHde-valve  gear^    as  made    by  the 
Maschinenbau-Actiengeaellacbaft,  of  Prague,  pg.  73. 

4  (Figs.  1—15).   Horizontal  Engine,   with   double -chambered  Valve-box,   designed  by  Prof  A.  Salalia, 
of  Prague,  pg.  75. 
**     IV  (Figs.  1-3).    Marabies,  TbioUier  and  Guiratid,  of  St.  Chamond*  pg.  7L 
"     IV  (Figs.  4-5).     Valck-Virey,  of  St.  Di^,  pg.  TK 

5  The  Allen  Engine,  pg.  76. 

V  (Figs.  1—4).  The  Simmering  Machine  Works,  near  Vienna,  pg.  44. 

"      V  (Figs.  5-7).  A.  F.  Brown,  Engineer  of  New-York,  pg.  41. 

**      V  (Figs.  8—5).  J.  K5rd8i,  of  Andritz  near  Grat2,  pg.  44. 

6  (Figs.  1—5).  Horizontal  Engine,  by  A.  Ransome  &  Co.,  of  Lomlon,  pg.  84. 

*'      6  (Figs.  8—16).  Horizontal  Engine,  by  the  Buckeye  Engine  Co.,  of  Salem,  pg.  90. 

**    VI  (Figs.  1-4).    The  Humboldt  Machine  Works,  of  Kalk,  pg.  3a. 

*'    VI  {Figs.  5-7).    G.  Petau.  of  Paris,  pg.  5*>. 

**    VI  (Figs.  8-^18).  L.  Br*5val,  of  Paris,  p^r.  b% 

"    VI  (Figs   11-15).  B.  Herresboif,  of  London,  pg.  54. 

**      7  (Figs.  1—9).    Duuble  valve  geared  Engine,  by  A. 

"      7  (Figs.  10-13).     *  "         «  ''         «    L. 

VII  (Figs.  1—5).    The  Forstlicbe  Furstenberg  Machine  Works,  of  Immejidingen,  pg  31 
-  VII  (Figs.  6-13).  H.  Flaud.  of  Paris,  pg.  45. 

**        8  Uorijtontivl  Engine,  working  with  Meyer  Valve-gear,  designed  by  G.  Mtiller,  pg.  98. 
**  VIII  (Figs.  1—2).    Vertical  Engine-type  made  by  the  Reading  Ironworks,  of  Reading,  pg,  47. 
•*  VIII  (Figs.  3-4).    Vertical  Engine-type  made  by  R.  Wells,  of  New-York,  pg.  56. 
•*  VIII  (Figs.  5--6).    Vertical  Eiigiiie-type  made  by  Ruston,  Proctor  and  Co.,  of  Lincoln,  pg,  52. 
"-  Vni  (Figs.  1—8).    Vertical  Engine-typc  made  dy  Jacob  Naylor,  of  Pbiladelpbia,  pg.  52. 
**  Vllt  (Figs.  9 '10k  Vertical  Engine4ype  made  by  Weimer,  of  Lebanon,  pg.  54. 
'*  Via  (Figs.  11 -12).  Vertical  Engine-tj^pe  made  by  Mitchell,  of  Philadelphia,  pg,  54. 
**        8  iFigs,  1—8).    Horizontal  Engine,    fitted  with  Meyer  Valve-gear,   as  made  by  the  'Tierliner  Union'^ 

Co.,  of  Berlin,  pg.  11$. 
*'        8  (Figs.  9— 10\  Engine,  working  with  Balanced  Meyer  Val  ve-gear^  constrncted  by  P.  Wirtx,  of  Dents,  p.  1 5 1 . 
"     IX  Single-slide  variable  expansion  Engine,  made  by  E,  R,  and  F.  Turner,  of  Ipswich,  pg.  59. 
"      10  Horizontal  Double  slide-valve  geared  Engine,  as  made  by  Ch,  Beer,  of  JemeppetBelgium),p.  84.  Ill, 

•)  The  Roman  Numbers,  as  applied  to  the  Plates,  refer  to  the  small  Sketches,  whilst  ordinary  uumbers  denote 
Working  drawings. 


Dnvergier,  of  Lyons,  pg.  87. 
Breval,  of  Paris,  pg.  S8a 
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Supplement-Plate       X  (Figs.  1—3).    Engine  fitted  with  A.  Siepermanns's  variable  expansion  gear,  pg.  64. 

<<         <<  X  (Figs.  4  - 10).  Variable  Expansion  gear  designed  by  E.  Eamshaw  &  Co.,  of  Nfimberg,  p.  66. 

"         <'  11  Coupled  Vertical  Engines,  as  made  by  Lucien  Guinotte,  of  Mariemont,  pg.  92. 

"         "  XI  (Figs.  1—6).    Davy,  Paxman  and  Co.'s  (Colchester)  Expansive-engine,  pg.  78. 

•*         "  XI  (Figs.  7—10).  Vertical  Three-cyUnder  Engine,  by  Ch.  Beer,  of  Jemeppes,  pg.  74. 

'*         *'  12  Pumping-engine,  constructed  by  Lucien  Guinotte,  of  Mariemont,  pg.  92. 

*'         <*         XII  Horizontal  Engine,  fitted  with  Automatic  Expansion-gear,   as  made  by  G.  A.  BiffisTy  of  Fratte 

(Italy),  pg.  82. 
'*         <<  13  (Figs.  1>5).     Double  Valve-geared  Horixontal  Engine,  designed  by  E.  A.  Wortman,  of  I(nhr- 

ort,  pg.  92. 
<'         "  13  (Figs.  6-  11).  Horizontal  Condensing-Engines  (Type:  Guhrauer)  constructed  by  A.  von  der  Becke, 

of  Sundwjg,  pg.  147. 
"         **         XIII  Horizontal  Engine,  fitted  with  Variable  Expansion-gear,  controlled  by  its  governor,  designed  by 

A.  Rigg,  of  London,  pg.  85. 
"         •*  14  (Figs.  1—7).    Engine  working  with  JUder's  Valve-gear,  by  GebrQder  Schwarzenberg,  of  Rosslaa  p.  129. 

"         *'  14  (Figs.  8—13).  Engine  fitted  with  Rider's  Valve-gear,  as  made  by  the  Schweizerische  Loeomotiv- 

und  Maschinen-Fabrik,  of  Winterthur,  pg.  129. 
"         "         XIV  (Figs.  1—2).    Horizontal  Meyer-valve  geared  Engine,  of  the  '<E5lnische  Maschinenbau-Aetien- 

gesellschaft'',  of  Cologne,  pg.  107. 
''         *'         XIV  (Figs.  3—5).    Horizontal  Meyer-valve  geared  Engine,    of  the  Maschinenban-Actiengeaellacbaft 

Humboldt,  of  Kalk,  pg.  108. 
**         **  15  (Figs.  1-4).    Horizontal    Engine,   working   with  Rider^s  Valve-gear,   and  made  by  the  **Ma- 

schinenfabrik  Augsburg",  of  Augsburg,  pg.  127. 
"         '*  15  (Figs.  5-6).    Horizontal  Engine,    working  with  Rider's  Valve-gear,    and  made  by  Messrs.  Ge- 

brader  Sulzer,  of  Winterthur,  pg.  127. 
'*         *'  XV  Meyer-valve  geared  Engine,  as  made  by  Whieldon,  Lecky  and  Co.,  of  London,  pg.  109. 

*•         "  16  Engine  working  with  Rider's  Valve-gear,  as  made  by  G.  Sigl,  of  Vienna,  pg.  126. 

"         **         XVI  (I  igs.  1—3).    Meyer  Valve  geared  Engine  by  Dick  and  Stevenson,  of  Airdrie,  pg.  110. 
"         "         XVI  (Figs.  4—8).    Meyer  Valve  geared  Engine  by  Bertram,  of  Edinburgh,  pg.  118. 
"         *'  17  (Figs.  1—5).    Engine  working  with  Rider's  Valve-gear,   as  made  by  the  ^'Rheinische  Mascbinen- 

fabrik",  of  Kalk  (near  Deutz)  pg.  130. 
''         ''  17  (Figs.  6—13).    Engine  working  with  Rider's  Valve-gear,  as  made  by  Pfeiffer  Brothers,  of  Kaisers- 

lautem,  pg.  ISO. 
XVU  (Figs.  1-4).    Neut  and  Dumont,  of  Paris,  pg.  109. 
"        XVII  (Figs.  5—10).  Louis  Soest,  of  Dttsseldorf,  pg.  117. 
"         ''  18  (Figs.  1—6).    Horizontal  Engine,   fitted  with  Farcot's  Valve-gear,  as  made  by  Gebr.  Schmalti, 

Engineers  of  Offenbach  on  Main,  pg.  188. 
**         "  18  (Figs.  7—11).  Horizontal  Engine,  working  with  the  Farcot  Valve-gear,   as  designed  by  Mr.  C. 

von  Liphart,  C.  E.,  pg.  138. 
**         "       XVIII  Coupled  Wall-Engines,  pg.  111. 
"         **  19  (Figs.  1—6).    Engine  working  with  Farcot's  Valve-gear,  as  made  by  the  ''Compagnie  de  Fifes- 

Lille,  pg.  189. 
"         **  19  (Figs.  7—11).  Engine  working  with  Meyer's  Valve-gear,  as  made  by  Le  Brun,  of  Creil  (Oise),  p.  108. 

*'         "         XIX  The  Nienburg  Machine- works,  of  Nienburg,  pg.  119. 
"         ''  20  Engine  working  with  the  Krause  Valve-gear,  constructed  by  the  Chemnitz  WerkzengmaaduBeB- 

fabrik,  of  Chemnitz,  pg.  145. 
"         "  XX  Hay  ward,  Tyler  and  Co.,  of  London,  pg   130. 

"         "  21  Two-cylinder  Engine,  designed  by  Joseph  Bernays,  of  London,  pg.  158. 

''         <'  22  (Figs.  1—4).    Horizontal  Compound  Engine,  constructed  by  Dubuc,  of  Paris,  pg.  71. 
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I.    With  fixed  expansion, 
1.  The  D-sllde. 

Ihe  distribution  of  the  staam  used  in  double  acting  steam-engines,  is  accompanied  by 
nr  characteristics,  —  namely:  steara-admiasion  and  steam-eraission  for  each  of  the  two  piston- 
ides.  These  present  themselves  during  every  crank  revolution,  answering  to  the  double  stroke 
if  the  piston.  The  mechanical  agent  producing  this  steam-distribution,  is  the  ^^slide-valve'\  whose 
bur  working  edges,  by  merely  sliding  to  and  fro  on  the  face  of  the  ports,  perform  the  duty  of 
jUowing  steam  to,  and  cutting  steam  from,  the  cylinder.  The  motion  of  the  slide  valve  is  derived 
pom  the  crank-shaft,  by  means  of  an  excentric-rod  connected  to  the  valve-spindle^  and  as  this  is 
lie  commonly  accepted  practice,  we  shall  presume  this  mode  of  construction  to  be  adopted  in  all 
8ub8e(^uent  investigations. 

In  all  valve-gears,   where  no  special  mechanism   is  found  applied,  enabling  a  variation  in 
e  valve-travel  to  take  place,   an  ever  constant  expansion  of  the  steam  ensues,  and  we  say  that 
rnch  engines  work  with  Jhed  expansions. 

To  start  from  the  simplest  example,  let  as  take  a  valve-gear,  which  admits  of  no  ex- 
^sion,  or  which  to  be  more  concise,  gives  steam  to  the  cylinder  during  the  full  stroke,  such  as 
pre  find  applied  to  Pumping-,  Winding-,  and  Blowing-engines.  When  the  crank  is  on  one  of 
|ks  dead  centres,  the  slide  is  just  midway  on  its  stroke ;  the  ports  are  opened  with  the  greatest 
ilative  speed  at  the  beginning  of  the  stroke,  and  are  similarly  closed  at  the  end  of  the  stroke, 
bnsequently  we  say,  that  no  expansion  or  compression  of  the  steam  takes  place.  In  such  cases^ 
ihe  distance  between  the  working  edges  (taken  in  pairs)  of  the  slide,  equals  the  width  of  the  ad- 
pission-port.  As  a  rule  however,  since  it  is  impossible  to  work  mathematicallj^  correct,  this 
listance  is  made  greater,  ^  i*  e.  lap  is  given  to  the  slide,  and  we  distinguish  inner  (internal)  and 
(external)  lap. 

A  slide  designed  with  lap,  is  illustrated  in  our  Fig.  1  and  it  is  represented  in 
central  or  neutral  position,  e  denoting  the  ej^ternat*  and  t  the  inttrnal-lap ;  a  is  termed  the 
|firidth  of  the  admission  (inlet)  port,  a^  that  of  the  emission  (exhaust)  port,  and  b  is  called  the 
^'dfffi.  It  will  be  noticed  that  in  this  valve-gear  design,  the  middle,  central  or  neutral  position 
Jf  the  slide  no  longer  coincides  with  the  piston  stroke  end,  but  on  the  contrary,  tlie  slide  as  well 
1^  the  eccentric,  have  to  be  moved  beyond  their  central  position,  so  as  to  admit  steam  at  the 
beginning  of  the  piston-stroke.  On  referring  to  Fig.  2,  the  moment  the  piston  is  on  its  dead  centre, 
Ira  terra  the  deviation  of  the  eccentric  from  the  perpendiculars  V  Y  to  the  slide-travel  direction, 
Bie  advance-anglf^  and  this  angle  we  shall  represent  in  future  simply  by  S.  Again  in  Fig.  %  E 
ienotes  the  eccentric  (whose  eccentricity  is  represented  as  a  crank)  and  K  is  the  crank,  which  is 
nppoeed  to  be  rotating  in  the  direction  of  the  inscribed  arrow.  According  to  the  size  of  the 
uivance-angle,    (which  can  however  only  be  varied  between  certain  limits,)  a  slight  expansion  — 
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special    conditions    remaim 
constant. 

In  addition  U 
these    working    p&rti, 
we    pay  additional  r^* 
gard  to    the  followiuf 
features  in  all  ordiuArr 
slide-valve  gears:  We 
speak    of    the    stti^ke, 
'     /        the    path   or    the   in^ 
vel    of   the  sltile,  cor- 
responding with  which 
we  have   the   eceentri- 
city^rjofthe  eccentric, 
and  hoth  these  factors 
nmy  be  said  to  depeud 
on  the  width  given  to  the  steaju- 
port  a.    Then  we  talk  of  "^lineaJ 
lead'*  as   the   dependent   on  the 
advance  -  angle    and    the    eec«*n- 
tricity,    and  this  lineal  lead  (V) 
is    measured    by     the     distance 
through    which     the     slide    fcas 
already    opened    out    the  fttcam- 
port  at  the  coniniencenient  of  tli« 
piston    stroke.       Lastly    by  ik 
^'faiio  ojeippamUni*  wo  undersUiMit 
(providing  A  B  represent  the*  full 
piston -stroke,  and  A  C  equal  tie 
piston-travel  whilst  the  admi^tsioo 
port  is  still  open)  the  ratio  existing 
Ijetweeu  the  distance  the  jiisto" 
is  allow^ed   to  travel    whilst  tk 
admission  port  is  still  open  ti)d 
the  full  piston  stroke-,  than 
AC 
A  B 

As  the  crank  may  rotate  in  eitbrr 
direction  —  i.  e,  in  the  sam^  **f 
in  opposite  directions  to  the  •^ 
dinary  watch  fingers  —  the  tA- 
vance-angle  must  be  drawir  Jl^ 
FijcH.  7—10.  cordingly,    and   to  elucidate  tiui 

fact,  we  have  chosen  an  opposite  rotary  inovement  in  Pigs,  7—10  to  that  assumed  in  Fig,  f,  ^ 
have  consequently  carried  the  advance-angle  dto  the  other  side  of  the  perpendicular  >'  Ym  these  figu'**' 
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Tbe  main  positions  of  the  slide  during  its  path  from  the  one  extremity  to  the  other  of 
its  travel  are  illustrated  in  Figs.  3—6,  whereas  the  corresponding  positions  of  the  eccentric  and 
of  the  crank  are  drawn  in  Pigs.  7—10.  On  account  of  the  travel  of  the  slide  being  symmetrical 
from  its  middle  position,  analogous  positions  are  scored  on  the  return  stroke  of  the  slide^  etc. 

In  the  position  marked  I:    The  piston  is  at  the  beginning  of  its  stroke  on  the  right.    The 

admission  port  ia  open  to  the  extent  of  the  lineal  lead  (v),  and 
corresponding  thereto,  the  port  permitting  exhaust  is  opened  to 
the  extent  of  the  inner  lineal-lead  =^  vq.  The  deviation  or 
travel  of  the  slide  from  its  central  position  is  determined  by 
J  =  <*  -f  V. 
In  the  position  marked  II:  the  slide   has    attained   its  maximal  external    position    on   the 

left,  and  its  travel  ^  -=  i-  z=  e  -\-  a  -j-  j$.    Both  ports  are  quite 
open.     The  distances  -c  and  s^  are  equal  to  each  other. 
In  the  position  marked  III;  the  commencement  of  expansion  takes  place.     Exhaust  is  con- 
tinuing.    The  slide-travel  up  to  its  central  position,   expresses 
itself  as  t  =  e. 
In  the  position  marked  IV:  compression   begins.      The   slide   travel   is   written    as   f  :^  t. 

Owing  to  expansion  taking  plfice  behind  the  piston,  whilst  com- 
pression shew^s  itself  in  front  of  the  piston,  this  period  is 
sometimes  termed  the  ** false  expansion"  period. 
In  short,  the  action  of  the  slide  may  be  summarised  as  follows:  Whilst  the  slide  is  in  the 
positions  indicated  by  I,  II,  III,  we  have  a  uniform  constant  steam-eflect.  Between  positions  III 
and  IV,  expansion  of  the  steam  takes  place.  In  position  IV,  compression  begins  and  continues  till 
the  right  hand  port  is  opened  for  emission.  The  function  of  the  valve  may  therefore  be  pronounced 
gaod  from  position  I— IV,  but  from  position  IV  up  to  the  stroke-end,  it  is  defective.  If  the  outer 
lap  be  made  small,  and  the  lead  be  also  diminished,  the  range  of  the  expansion-period  becomes 
very  limited,  but  on  the  other  hand  the  forementioned  defective  working  is  almost  quite  obliterated. 
We  have  now  to  enquire^  into  the  positions  assumed  by  the  crank,  corresponding  to  the 
opening  and  closing  of  the  ports,  as  well  as  to  the  extent  of  such  openings.  These  questions  are 
best  answered  by  graphic  delineations,  as  these  not  only  readily  shew  the  various  phases  proceeding 
in  the  steam-distribution,  but  they  also  enable  us  to  find  out  the  best  and  most  advantageous 
proportions  for  the  valve-gear  working  parts.  In  short,  we  thereby  obtain,  the  most  profitable 
and  efficacious  distribution  of  the  steam. 

^^~^  Zeuncr  s  valve-gear  diagram  affords  us  the  readiest  means  of  ascertaining  the  relative  po- 

H  sitions  taken  np  at  different  periods  by  the  piston-  and  by  the  steam-distributing  organs.  It  is 
true,  this  diagram  merely  affords  approximate  results,  yet  these  results  are  suJ^ficiently  accui'ate 
for  practical  purposes,  and  are  ample  for  preliminary"  designs. 

Taking  an  ordinary  slide-valve  gear,  let  the  eccentricity  ^  r,  and  the  advance-angle  =  cJ; 
asfiuroing  these  magnitudes,  we  desire  to  know  the  distance  of  the  valve  from  its  central  position 
when  the  crank  is  removed  from  its  dead  centre  over  an  angle  of  say  &>;  this  problem  we 
aball  now  solve,  by  means  of  the  Zeuner  diagram.      We  draw  the  line  X  X  to  coincide  with  the 
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8.   Zeuiicr's  Valve-gear  Diagram. 
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slide-travel,  and  ereot  the  perpendicular  Y  Y  (Fig,  1 1),  The  advance-angle  i  is  transposed  to  ooe 
aide  of  0  F,  so  that  YOJ^  rf,  and  taking  0J=^  O/,  ^=  r,  circles  are  described  over  these  dia- 
meters, and  the  circles  are  called  valve-circles. 

The  various  dimensions  are  inscribed  full  size  in  this  diagram»  If  a  circle  be  now  deaoribed 
round  0,  as  the  reduced  crank-circle,  and  a  radius  Oitlj  be  drawn  to  represent  a  position  of  the  cranky 
then  the  length  0  F  falling  between  the  valve-circle,  corresponds  to  the  deviation  ^  f  of  the  slid* 

from  its  neutral  position, 
when  the  crank  is  thoi 
placed.  The  upper  ciide 
denotes  the  path  of  the  slide 
to  the  right,  whilst  in  the 
lower  circle,  we  have  re- 
presented,  the  travel  of  the 
slide  in  opposite  directioo 
—  return  stroke;  —  as  botb 
are  symmetrical  to  eaok 
other,  it  suffices  in  moet 
cases,  to  draw  merely  one 
of  these  circles. 

The  representatioD 
of  the  chief  positions  of  tJjt 
slide  is  obtained  in  the  ti 
lowing  manner:  With 
crank  on  its  dead  oentff, 
coinciding  say  with  OKythe 
slide  has  travelled  a  pifl 
:=.  OPi  from  its  central  po- 
sition; in  this  respect,  th* 
greatest  deviation  of  tJr 
slide  &om  its  middle  poo* 
tion,  corresponds  to  tke 
ccank  position  OJ,  In  dii. 
crank'position  OD  —  i 
perpendicular  to  OJ  —  Ita 
slide  is  just  on  ita  emW^ 
position.  If  the  rotation  tf 
the  crank  be  pursued  in  the  direction  of  the  inscribed  arrow,  we  perceive  that  at  the  oomoieiio^ 
raent,  the  slide-travel  increases  rapidly,  whereas  this  path  varies  little,  when  the  crank  is  ap- 
proaching  position  OJ,  In  the  middle  of  its  travel,  the  slide  presents  the  greatest  velodtTt 
whereas  at  its  greatest  deviation,  (corresponding  with  the  change  of  motion)  its  motion  b^mi' 
very  slow.  The  diagram  therefore  enables  us  also  to  form  an  idea,  as  to  the  moving  velodtj  of 
the  Slide. 

In  addition,  the  diagram  sets  itself  the  task  of  also  disclosing  the  extent  of  tfae  pert' 
openings,  for  any  desired  position  of  the  crank.  Let  us  suppose,  the  slide  had  moved  to  the  eiM 
of  J  (vide  Fig,  12)  from  its  neutral  position  B^  thereby  opening  the  port  to  the  extent  of  Oj,  ti*l 
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evidently  tij  ^  ?  — ^  ^  and  for  the  emission  a^  :=  ^  —  i.  Consequently  in  Fig.  II,  we  should 
obtain  the  width  of  the  openings  of  the  ports,  were  we  to  suh tract  the  outer  and  the  inner  lap 
from  the  radius- vector ;  as  this  holds  good  for  all  positions  of  the  slide,  it  is  only  necessary  to 
sweep  circles  from  O  to  the  radii  o(  OV  ^  *>.  and  O  W  ^  t;  the  intersected  portions  VF  and 
W  P  on  O  Py  now  give  the  openings  of  the  ports  for  the  steam  admission  and  emisBion, 

If  we  now  mark  off  the  port* width  a  from  V  and  W  on  one  of  the  radii,  (we  have  merely 
done  so  in  one  of  the  valve-circles,  to  prevent  complications)  we  will  next  sweep  circles  round  0  to  the 
radii  OM  and  0  A^,  so  that  V M  ^=  a  and  H'A'  =  a,  when  the  clear  openings  of  the  ports  are 
indicated  by  the  lengths  of  the  chords  between  the  circles  V  and  3/,  as  well  as  between  the 
cii^oles   W  and  N. 

The  intersection  of  the  circle  M  with  the  slide-circle  t^kes  place  with  the  crank-posiHon 
OM^y  whereby  the  admission  port  is  quite  open;  the  corresponding  slide-deviation  f  =  ^  -|-  a. 
Moreover,  the  crank-position  0  3/^  answers  to  another  intersection  of  the  circle  M  with  the  slide- 
circle.  Whilst  the  crank  is  travelling  over  the  arc  M^  M^  the  admission-port  remains  quite  open. 
In  J/,^J  we  have  the  actual  maximal  deviation  of  the  outer  slide-edge  over  the  inner  port-edge. 
Similarly    on  the   other  side    of  the  figure,    corresponding 

to  the  emission,  N^^  J ^  indicates  how  far  the  inner  slide-  "X    B 

edge  has  travelled  beyond  the  outer  port-edge* 

The  action  of  the  steam  in  the  cylinder,  may  now 
be  definitely  defined ;  for,  expansion  begins  at  crank-posi- 
tion 1;  compression  at  2 ;  commencement  of  steam-emiasion     ._=j^^:aM! 
at  3,  and  beginning  of  steam-admission  at  4. 

Thus,  the  exhaust  takes  place  sooner  than  the  ad- 
mission, and  finishes  also  later,  Following  the  general 
practice,  the  piston-diagram  of  Fig,  11  is  drawn  under 
the  supposition  of  an  endless  crank-rod.    The  positions  of 

the  crank  are  merely  projected,  and  consequently  the  ratio  existing  between  AC  and  AB  is  the 
^''ratio  of  expansion*  and  ^4  C\  :  AB  ==^  ratio  of  compression. 

We  can  now  perceive,  what  modifications  require  to  be  made  in  order  to  attain  a  different 
distribution  of  the  steam.  If  for  instance,  the  eccentricity  r*  be  made  larger,  then  expansion  takes 
place  later  on,  and  the  lead  is  augmented,  which  is  however  never  advisa^ble.  If  on  the  contrary, 
the  advance-angle  6  he  augmented,  the  closing  of  the  admission-valvo  takes  place  sooner,  and 
accordingly  we  receive  a  stronger  expansion  and  a  greater  lead.  By  augmenting  the  outer  lap, 
we  also  obtain  earlier  cut-off,  —  resp*  expansion  —  but  later  steam-admission. 

These  remarks  prove  that  the  ordinary  slide-valve  is  little  adapted  to  working  very  ex- 
pansively,  and   its  application  is  therefore  best  restricted   to  small  engines,   where  simplicity  of 

■  oonetruotion  is  of  the  greatest  moment. 
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3,    The  Slide-valve  ellipse. 


The  relations,  existing  between  the  crank-length  and  the  slide-travel,  as  expressed  in  terms 
of  the  piston-stroke,  may  be  graphically  represented  by  the  slide-valve  ellipse.  It  is  true,  this 
method  demands  more  time,  than  the  one  we  have  just  described,  but  it  leads  us  to  a  represen- 
tation of  the  slide- travel,  which  in  an  elucidatory  sense,  leaves  nothing  to  be  desired, 


In  order  to  explain  this  method,  we  shall  do  well  to  examine  more  minutely,  the  relatiooe 
exiating  between  the  crank  and  the  piston  motion,  for  as  is  well  known,  the  piston  paths  cor- 
responding to  eqnal  crank-angles^  are  not  equal  to  each  other  in  the  first  and  second  half  of  the 
piston  stroke.  As  may  be  read  off  our  Pig,  13,  we  may  draw  to  a  reduced  scale,  the  crank-path 
circle  J{,  along  with  its  connecting-rod  L  (generally  made  live  times  as  long  as  half  the  piston 
stroke),  so  that  A  and  B  may  represent  the  dead  centres  of  the  piston.  We  will  now  describe 
tangential  arcs  a  a  and  l^l*  from  A  and  B  with  radii  =  length  of  cormccting-rod  X;  assuming  any 
position  of  the  crank  answering  to  the  inscribed  angle  w,  we  will  draw  a  parallel,  c  d  (from  the 
point  of  intersection  on  the  crank  circle  to  the  tangential  arc)  to  the  cylinder-axis,  then  it  is  not 
difficult  to  prove  that  c  d   is  the  actual  distance  of  the  piston  from  its  dead-centre,  at  that  time. 

The  correctness  of  this  assertion  may  be  proved,  by  disoounecting  the  connecting-rod  froro 
the  crank,  and  allowing  the  same  to  fall  on  to  the  cylinder  axial  line,  without  disturbing  the 
crank;  for  then  the  distance  c,   d^  =  c  d. 

The  same  orank-angle  m  is  also  drawn  in  the  second  quadrant  of  the  crank  path.  If  we 
proceed  as  just  explained,  we  shall  arrive  at  the  distance  e  /,  which  is  smaller  than  e  d. 
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Fig.  13. 


The  representation  of  the  combined  diagram  may  be  effected  as  follows:  After  drawing i 
the  Zeuner  slide-valve  diagram  (Fig.  lA)  in  the  manner  already  described,  we  draw  the  tang 
arcs  a  a  and  Ifb  (referred  to  in  Fig,  13),  and  if  by  way  of  an  example,  we  place  the  crank^^ng 
at  60'^  we  receive  the  true  piston-travel  =  JC  as  depicted  in  Fig.  14.  Simultaneously,  the  deviatifm 
I  of  the  slide  corresponding  to  this  pis  ton- travel  is  ascertained,  and  consequently  the  actual  piftou 
travel  and  the  corresponding  slide-valve  deviation  Irom  its  neutral  position  may  be  similarlr 
determined  for  any  other  crank-angle. 

In  order  to  obtain  a  clear  understanding  in  this  respect,  this  method  is  repeated  at  re^golv 
intervals  of  from  20  **  to  30 '^  along  the  crank-path,  as  our  Fig,  14  explains.  The  piston-gravels  w» 
next  marked  off  on  a  line  AB^  (=  piston  stroke)  whereas  the  corresponding  deviations  |  of  tit 
slide  from  its  neutral  position  are  erected  in  vertical  distances  thereon,  as  shewn  in  Fig.  15.  In 
this  manner,  a  certain  curve  is  plotted  out,  which  is  the  slide-valve  ellipse,  and  which  refen  ti* 
slide-valve  deviations  (travels)  to  the  positions  of  the  piston.  So  as  to  render  our  iUnstnlJoii 
still  more  explanatory,  the  two  piston-strokes  —  forward  and  return  —  are  drawn  behind  etcb 
other,  so  that  we  do  not  get  a  closed  ellipse.  Our  illustration  is  completed^  by  representiuj?  tkf 
outer  and  inner  lap  perpendicularly  to  the  axis  ABA^  though  to  simplify  our  illustration ,  tkt 
former   is  shewn   in  the  upper  ,    whilst   tbt^  latter   is  drawn  in    the  lower   part  of  the.  wnodnxi 


opened  or  closed  by  the  slide; 
the  more  rapidly  tliis 
oc€urs,  —  i.  e.  the  more 
the  angle,  formed  hy 
the  curve  and  its 
bordering  straight  li- 
nes, approaches  to 
heing  a  right  angle. 

Reliable  as 
this  metliod  is,  for 
giving  one  a  clear  idea  isofi 
of  the  Working  of  a 
elide* valve»  it  suffers 
from  the  defect,  that 
the  finite  (limited) 
length  of  the  eccen- 
tric has  not  been 
taken  into  account. 
As  a  rule,  when  long 
eccentrics     are    used, 

I  the    deviation    is    so 


small,    that    it    may   be   altogether   neglected,    but 
strict  accuracy  is  desired,  then  the  travels   of  the  slide  may  he  corrected  in 
a  similar  manner   to  the  one  described    lor  the  pistou-traveU  (vide  Fig.  13). 
Still,  such  a  far  reaching  method    would  probably  only  recommend  itself,  in 
complicated  valve-gears,  by  using  a  model. 

Utilising  the  slide-valve  elliptic  diagram,  in  our  wo<>d*cut  Fig.  16 
wfe  have  drawn  another  representation  of  the  valve  travel,  which  though  of 
little  importance  for  the  consti'uction  of  the  valve-gear,  still  affords  a  very 
easy  way  of  observing  its  functions.  With  the  aid  of  this  illustration,,  the 
piston  travel  in  relation  to  the  slide-valve  path  may  be  accurately  discerned 
without  trouble.  The  upper  portion  of  this  engraving,  represent  a  slide- 
valve  in  its  neutral  position.  The  piston  is  on  its  dead  centre,  when  the 
alide  being  on  the  line  0 — 10',  takes  up  thereon  the  position  indicated  by 
the  small  vertical  sectional  lines.  The  lineal  lead  may  he  recognised  on  both  sides  by  V  and  T^,. 
The  piston  whose  stroke  may  be  taken  to  he  represented  vertically,  advances,  from  the  line  0— IC 
to  1  — 9'»  which  distance  corresponds  with  ^  ^u  c^f  the  crank  circle. 

The  slide  in  the  meantime,  has  moved  horizontally  to  the  rights  and  as  shewn  by  the  seo- 
tional  lining,  (representing  the  position  of  the  slide  on  the  line  1 — 9^  it  has  then  opened  out  the 
port  to  about  half  its  width.     When  the  piston  has  reached  the  line  4 — G',  and  has  so  completed 


about 


^io'»^« 


its  stroke    -     corresponding   to  about  Vao*^*  "^  ^^e  crank-circle  —  the  slide  has 


8 

quite  opeiied  out  the  adnmBiao  port,  which  port  reroams  thus,  from  about  2-5 — 5.  If  the  reton 
^troka  of  the  valve  is  jiext  exammed,  it  is  apparent^  that  both  ports  for  admissioii  and  egrai 
reuiaiji  cloaed  between   the  piston  positions  8 — ^2^  and  9—1'   so  shutting  off  the  cylinder  from  tU 
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Fig.  16. 


live  ateaiu;  tliis  period  ie  liowever  only  of  short  duration,  scarcely  lasting  over  Vio***  of  the  stroke 
The  line  lO^-O'  shews  the  position  of  the  slide  at  the  end  of  the  stroke,  and  is  similar  to  tht 
line  we  first  passed  under  review. 


4,    The  Construction  of  the  SHde-vah  e. 

In  designinipr  a  slide-valve,  the  most  important  factor,  is  the  magnitude  of  the  port-areu 
As  our  Pig*  17  shews,  this  area  =  axB,  The  proportion  between  the  width  (a)  and  AnftkiB^ 
is  made)  as  4:1  in  small  engines,  as  5:1  in  middle-sized  engines,  and  as  great  aa  10:  1  in  Uip 
engines*  As  a  rule  B  is  selected  =:  *U^^^  cylinder-diameter;  the  larger  B  is  chosen^  the  smalitf 
may  a  be  made,  whence  a  small  eccentricity  ensues*  Respecting  the  eccentricity  gi^eiit  tkw* 
different  modificHtions  of  constructions  are  applied,  according  as  it  is  desired  to  adopt: 

Vf :  SliJff  ^^^ff  o^  much  steam  expansion  as  possibUf  afid  to  ithich  a  BmalL  stvifk^  u  ^ff^ 
In  this  eonstruetive-method,  the  necessary  exhaust  area  is  given  to  the  two  porta^  but  dnziiig  thi 
ateam-adtnisaion  periods,  these  ports  are  merely  partially  allowed  to  open,  so  as  to  aUnv  tk 
neoeoaary  steam-volume  to  pass  through  at  a  normal  speed.  The  maximum  travel  of  tlw  ib^ 
does  not  therefore  quite  open  out  the  port.  In  these  cases  the  eccentricity  is  ad^ajitagMP^ 
made  ^ss  a  -{-  L 

2Iy :  Slides  ukich  in  their  maximum  trac^l^  have  their  outer  working  edge^  esacllg  co^HPrimg  ike  dfe 
o/  lA<  steam  port,  The  eooeutricity  thus  calculates  itself  at  r==Q-{-e.  (Recommended  by  Mc«tf^ 
Armeiigaud). 


3'T;  Slides,  which  in  their  majrinmm  travH  Jiave  tlmr  Oftttr  icorkincf  edpes  protruding  over  the 
port'hridffe.  In  these  cases,  according  to  Fig.  4,  the  eccentricity  r^a  +  ^'+^i  ^^^  ^^^  portion 
marked  z  and  z^  is  made  from  0*39  in,  —  0'59  in. 

I  The  outer  lap  e   varies  between  wide   limits;    in  ordinary   constructions  e  ranges  between 

0*25a  and  0*6 6a.     A  normal  value  is  ^  ==  0'3a.     The  inner  lap  displays  less  variation,   and   it  is 

often  not  chosen    in  proportion  to  the   port-width,    but  it  is  froqueotly  taken  i  =  0*04  —  0'V2  in.; 

.at  other  times  i  =  0  where  small  advance  angles  are  used,    and  even  negative,  so  that  the  slide 

[in  its  neutral  position  allows  steanf  to  escape  through  both  its  ports. 

In  arranging  the  exhaust,  eare  must  be  taken,  that  with  the  greatest  deviation  of  the  slide, 
the  middle  port  may  still  remain  open  to  the  extent  of  the  admission  port;  hence  referring  to 
Pig.  4,  in  Position  II,  ^v  is  made  =  a,  and  consequently 

a^f  ^  a  -j-  r  -\-  i  —  J. 
So  as  to  prevent,  the  slide  giving  live  steam  into  the  exhaust^  the  bridge  b  must  he  made 
larger  than  M^  J  in  the  diagram  (Fig.  1 1)  hence  Dr.  Zeuner  recommends 

b  ^^  10  -|-  0*5  a  millimetres 
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Fig.  18. 
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by  taking  the  value  ol  tt  in  millimetres.  The  height  of  the  valve  cavity  should  always  be  made 
larger  than  a. 

When  all  the  dimensions  demanded  by  the  Zeuner  slide-valve  diagram,  are  not  given, 
and  the  advance-angle  is  unknown,  the  following  construction  recommends  itself: 

We  may  assume,  that  the  ratio  of  expansion  and  the  outer  lineal  lead  =  y,  are  both 
known  (as  these  are  already  determined  by  the  engine  type  and  its  working-speed).  This  lead 
varies  between  0"04  in  and  0*24  in.     The  eccentricity  =  r  may  be  approximately  guessed. 

Referring  to  Fig.  18,  a  circle  A  C B  is  described  to  a  radius  ;=  r.  Drawing  the  crank- 
position  OE  corresponding  to  the  beginning  of  expansion  (No.  I),  E  is  connected  with  .1  by  a 
straight  line.  Marking  E F  ^=  i?,  the  half  of  FA  =  G  F  ^^  GA  will  be  equal  to  the  outer  lap  e. 
If  we  now  make  i> H^  EG  =  e  ~\-  u,  and  erect  in  JV,  a  perpendicular  on  A  B^  then  by  connecting 
the  point  of  intersection  (J)  with  the  centre  0  of  circle  ACB^  ^  OJC  will  =^  the  advance- 
angle  (J,  Consequently  the  position  of  the  slide-valve  circle  is  now  founds  and  the  diagram  may 
be  completed,  as  before  explained. 

In  the  majority  of  slide-valve  gears,  the  slide  is  arranged,  that  in  both  dead-centres  of 
the  piston,   the  corresponding  admission-  and  emission-ports  are  open  equally  wide.    But  we  obtain 
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thereby  unequal  cut-ofFs,  which  fact  becomes  aU  the  more  apparent,  the  smaller  the  crank  and  the 
eccentric,  are  made.  In  order  to  obtain  equal  cut-offs,  we  must  apply  unequal  laps,  which  in  thcii 
turn,  oause  an  unequal  lineal  lead.  Therefore,  in  order  to  determine  the  above  named  dimensioix, 
the  mere  drawing  of  the  slide  valve  circles  will  not  suffice  in  many  cases,  as  it  appear? 
moreover  advisable   to   mark   out   the    slide    valve  ellipses    with    the  greatest   possible   accm'acj. 


5.   ViiriouH  Forms  of  Slide-valves, 

Various  designs  have  been  given  to  slide-valves,  according  to  the  different  conditions  they 
were  expected  to  fulfil.  Some  of  the  special  conditions  here  alluded  to,  refer  to  High-speed  enginei, 
where  a  rapid  distribution  of  the  steam  baa  to  be  effected,  or  again  where  it  is  required  to  reduce 
the  stroke  or  the  width  of  the  ports.  The  various  nlide-valves  now  mostly  used,  are  describe 
in  the  following  examples. 

a,   DlTided  Slide-valves. 


JB_ 


^ig  19-  In  Engines  having  long  strokes,  it  become 

evident,  that  were  one  simple  slide  used,  the8t<'4i0- 
portd  would  be  correspondingly  long,  and  th? 
clearance  spaces  accordingly  augmented;  h^uoe 
practice  has  shewn  preference  in  such  cases, 
(especially  in  condensing-enginee)  to  the  divided 
slide-valve  shewn  in  Figs.  19  and  20.  Each  of 
the  two  slide-halves  A  and  B  rigidly  coimedid 
together,  have  only  two  working  edges  —  Aom 
marked  1  and  2  effect  the  admission,  whilst  3  ud 
A  control  the  exhaust  —  consequently,  the  port-face  is  somewhat  modified;  the  bridge  h  sod  vxf* 
face  Aj  are  not  changed,  but  on  the  other  hand,  as  shewn  in  Fig.  20,  the  bridge  &,  is  made  ft)^ 
respoudingly  long,  so  that  the  slide  may  have  sufficient  support  in  its  maximal  deviation.  Tk 
width  a^j  of  the  exhaust  port  may  be  made  ^  a.  In  our  Fig  19,  the  valve  is  in  its  nentn! 
(central)  position,  whereas  in  Fig.  20,  it  is  drawn  in  its  maximal  deviation.  The  two  eihauft 
passages  a^,  unite  in  the  exhaust-pipe  c 

b.    Channelled  Slide-valve. 


Fijf.  2a 


FiV^  21. 


The  channelled  Slide-rak^ 
as  shewn  in  Fig.  2J,  is  alio  w- 
plicable  to  heavy  engines.  Imtfii 
of  the  two  exhaust  passagn  qk^ 
in  the  divided  slide-valve  pattcm 
one  exhaust*passage  a^  U  o&lj 
here  employed,  by  taking  the  steam  thereto  througli  a  channel,  made  in  the  slide-valve  iSftdf 
The  central  portion  of  this  slide-valve  is  balanced,  and  the  working  edges  axe  the  same,  as  ib  ck 
preceding  example. 

e,   Triek*s  Channelled  Sllde-Talve. 
As  a  double  steam-admission    can  be  obtained  with  this  slide-valve ,   it   is  cliieflv  n^J  ^ 
locomotives  and  engines  running  at  high  speeds.     It  is  traversed  by  a  passage  A^  which  aoxwoi 
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the  purpose  of  doubling  the  admission-area  at  the  beginning  of  the  stroke.  For  example,  as  soon 
as  the  valve  has  moved  to  the  right  to  the  extent  of  its  outer  lap  «,  the  edge  1  begina  to  open 
the  left  steam-port;  simultaneously  the  edge  1*  comes  to  He  exactly  over  the  working-edge  /,  so 
that  steam  passing  up  the  right  extremity  of  the  valve-passage  A  also  enters  into  the  left 
steam-port. 


Fig.  22.  Fig.  28.  Fig.  24. 

An  increase  in  the  steam-admitting  area  continues,  nntil  tl  ^=^  1—2^  has  reached  the 
middle  of  the  passage  a^  so  that  on  each  side  of  d  the  distance  c  remains,  because  a  =  2  c-^-d, 
This  area  remains  constant  up  to  the  valve  position  shewn  in  Fig.  24.  The  port-widths  are  also 
here  :=  a  :^  2  c  -f-  t/,  The  steam-admission  begins,  when  the  valve  has  moved  to  the  extent  of 
its  external  lap  «  =  o  +  cf  -|-  c,  from  its  neutral  position.  The  eccentricity  =  t  =  e  -^  2c^  and 
the  bridge  b  must  be  made  =  b^  ^  e  -\-  c  -\-  o.  The  parts  d  and  o  are  made  as  small  as 
possible. 

d»    Double  ported  SUde-valTe, 

A  slide-valve,  attributed  to  Messrs.  John  Penn  &  Sons  of  Greenwich,  though  not  claimed 
by  them,  further  than  that  they  have  largely  used  it,  ia  illustrated  in  Fig8.  25  and  26.  It  has 
been  mostly  employed  for  large  engines  of  the  marine  type,  where  in  order  to  reduce  the  travel 
of  the  slide,  two  steam-ports  of  half  the  calculated  width,  are  arranged  on  each  cylinder  side; 
hence  the  eccentricity  r  =^  0*5  a  +  f*.  To  each  half  of  the  valve,  two  simultaneously  working 
I  edges  are  fitted,  so  that  on  referring  to  our  wood-outs, 

1   and  1*  resp.  2  and  2*   form  the  outer  | 

3  and  3*   resp.  4  and  4^    form  the  inner  |      1^' 

(^^'^  steam-passages  -4^4  pass  through  the  valve,   and  allow  steam  to  enter  from  each  side,  whilst 
exhaust  takes   place  through  J9.     It  is  advisable  to  make  the  width  of  the  central  surfaces 


[B.. 


fj 


Fig.  Si. 


Fig.  25. 


fAj   6 J   in  the  steam  ports  correspondingly  large,  so  that  the  greatest  travel  of  the  valve,  may  not 
open  out  the  narrow  steam  port  2  into  the  external  steam  passage. 

The  lap  and  the  lineal  lead  in  this  slide-valve,    require  to  be  only  made    half  as  large  as 
I  usual.     Similarly  to  the  ordinary  D-slide,    this  valve  may  be  used  in  two,    where  the   cylinder  is 
[exceptionally  long,  but  it  ia  best  suited  to  the  low*presfiure  cylinder  in  Compound  Engines  working 
ider  constant  expansion. 
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6.    Bor^Ig's  Grid -Iron  SIIde-TaiTe. 
forsig's  Grid-iron  valve  enjoys  the  advantages  of  the  preceding  slide,  and  permits  moreorei 

the  arrangement  of  expansion 
plates  heing  added  to  its  back 
We  do  not  shew  this  in  tk 
annexed  Pigs.  27  and  28.  The 
valve-section,  explains  at  odo? 
the  conneotion  of  the  exhaust 
passages  B  B  B  —  Fig.  27  - 
through     the      side     trianguUi 


,WJk^ 


channels  CC 


Fig.  27.  Fig.  28. 

The  working  edges  have  heen  lettered  in  accordance  with  the  Penn  slide, 


^i 


f,  Illers  Slide-valve. 

In  Compound-engines »  with  pistons  running  in  eijual  directions,  the  Hick  Slide-valve, 
represented  in  section  in  Fig.  "29,  has  often  heen  applied.  The  cylinder  face  is  furnished  with  five 
steam-passages,  the  two  external  ports  a  and  a,  leading  to  the  high-pressure,  whereas  the  innar 
passages  hb^  communicate  with  the  low-pressure  cylinder;  the  central  port  c  is  the  exhaust  outlet 
passing  on  to  the  condenser. 

Uiok's  valve  may  he  looked  upon  as  ooft* 
I  sisting  of  two  ordinary  slides,  the  one  pushed  into 
the  other,  and  it  has  therefore  eight  working  edge*. 
The  distrihution  of  the  steara  to  the  high-  and  low 
pressure  cylinders,  is  effected  by  the  valve  ei^ 
1,  2,  3,  4  and  5,  6,  7,  8  respectively.  The  stem 
after  performing  its  work  in  the  high-pressure  cy. 
linder,  passes  out  through  the  steam-passage  A  into 
^'i'  29.  the  opposite  side  of  the  low-pressure  cylinder.   Ai 

a  rule,  the  steam-ports  of  the  low-pressure  cylinder  are  made  wider,  than  those  of  the  high-pf«<»- 
sure  cylinder^  still  in  both  cases,  the  outer  lap  is  made  equal.  A  modification  of  this  viht 
suited  for  cylinders  with  ports  at  each  end,  was  for  many  years,  largely  used  by  Messm.  Hidt 
Hargreaves  &  Co.  of  Bolton  in  their  Compound  Engines,  but  of  late  the  separate  admissioii  valroi 
controlled  automatically  from  the  governor,  have  nearly  altogether  displaoed  the  more  mm^ 
slide  valve. 

g.   The  E  Slide-valve. 

The  £  Slide  is  also  much  used  in  CbsimMBl 
Engines,  and  especially  in  such  cases,  when  the  pistMtf 
have  an  opposite  motion  to  each  other.  The  order  of 
the  steam-passages  leading  to  the  cylinder,  is  aixmlif 
to  the  arrangement  adopted  by  Hick,  We  have  bdr 
however,  only  six  working  edges,  because  the  cigt  <»f 
the  exhaust  in  the  high-pressure  cylinder,  does  intj 
Fig.  30,  simultaneously  for  the  admission  in  the  large  cylinder 

li.    Webb's  Circular  Slide-valve, 
The  advantage  of  this  Slide  consists  in  its  being  able  to  move  freely  in  its  circular  frwae, 
whereby  the  surface  of  the  slide  is  not  only  retained  true,  but  wear  and  tear  is  also  oompeniiSMi 
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thereby.      This  slide  is  not  merely  carried   on  a  single  cheek  of  the  valve-box,   but  it  is  wholly 
supported  by  the  frame,  whilst  the  latter  is  provided  with  a  slipper  a.     The  cylinder-surface  has 
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a  top  and  bottom  recess  b  6,,  so 
as  to  allow  the  pressure  of  the 
exhaust  steam  to  be  always  playing 
on  a  portion  of  the  slide-face. 
The  bottom  recess  h^  is  fitted 
with  an  outlet  c.  The  port-edges 
are  all  of  circular-form,  described 
by  two  different  radii:  namely,  the 
radius  of  the  external  port  edges 
d  d^  is  made  equal  to  the  slide 
external  curve-radius,  whereas  the 
internal  port  edges  (e  ej  are  drawn 
to  a  curve,  corresponding  to  the 
radius  of  the  slide-cavity,  (The 
diameter  of  the  slide  is  9  in.  := 
228    mm.).      Constructed    in   this 


Fig.  81. 
I 


Fig.  32, 


Fig.  33. 


,vv 


Fig.  34. 


style,  Webb's  circular  slide  works  in  the  same  manner,  as  the  ordinary  D-slide.  In  addition  to 
the  excellent  results  obtained  with  this  valve  on  the  London  and  North- Western  Railway,  Messrs. 
Aveling  &  Porter  of  Rochester,  have  introduced  it  on  their  Traction-engines.*) 

^^^^p  ].    Gyeritfs  Clreulnr-YalTe* 

W  This   circular-valve   patented   by  Mr.  Everitt  of  35  Queen  Victoria  St.,  London,  has    two 

faces,  one  bearing  on  the  port  face  proper  and  the  other  on  what  may  be  termed  the  outside  of 
the  steam  chest  cover.  According  to  the  proper  proportions  of  these  two  faces  to  each  other, 
the  valve  can  have  any  proportion  balanced,  that  is  deemed  fit.  However,  it  has  been  found  by 
practice,  that  about  70  per  cent  of  this  valve,  is  all  that  it  is  desirable  to  balance. 

The  exhaust  steam  is  carried  straight  away  through  the  centre  of  the  valve,  thus  saving 
an  exhaust  port  and  also  giving  a  freer  exhaust  than  with  other  types  of  valve.  This  arrange- 
ment of  exhaust  renders  the  valve  especially  applicable  to  Compound  steam  and  Hydraulic  Engines. 
The  advantage  of  an  ordinary  round  valve  is,  that  if  any  part  of  its  face  grinds,  the  valve  being 
free  to  rotate  in  its  buckle,  a  fresh  surface  is  brought  round;  on  the  other  hand,  the  attendant 
disadvantage  is,  that  owing  to  its  sliape,  the  area  exposed  to  the  pressure  on  the  back  is  larger, 
than  even  with  an  ordinary  square  shaped  valve.  Messrs.  Everitt,  Adams  &  Co.,  calculate  that 
an  ordinary  valve  of  the  same  size  as  their  10  UP  Traction  Engine  valve  with  2"  travel  and 
-  '/^  in  lap  would  have  no  less  than  4680  lbs.  on  the  back  of  it,  assuming  the  steam  pressure  to  be 
P  60  lbs.  to  the  sq.  inch,  and  would  only  have  2S  sq.  inches  of  wearing '  surface,  this  being  tantamount 
to  167  lbs.  pressure  per  sq.  inch,  of  wearing  surface.  Now  with  Everitt's  valve  there  is  only  2220  lbs. 
on  the  hack  of  valve  the  steam  being  at  the  same  pressure;  but  as  there  is  55  inches  of  wearing 
surface  to  this  slide,  we  get  only  40  lbs.  pressure  per  sq.  inch*  of  wearing  surface.  The  ad- 
vantage of  this  it  is  hardly  necessary   for   us  to  point  out,    as  it  ensures  a  far  longer  lite   to  the 
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valve,  and  also  reduces  very  greatly,  the  power  required  to  drive  the  same.  The  total  area  af 
Everitt's  valve  here  alluded  to  ia  7854  aq,  in.;  its  halanced  area  =  4L28  sq.  in«,  and  the  total 
wearing  surface  of  valve  =  55.52  sq*  in.  as  before  mentioned. 


6.   Slide-valve  SpindleH. 

Motion  is  generally  imparted  to  the  slide  valve  by  a  spindle  or  stem,  connected  or  at- 
tached to  it,  in  various  ways.  In  fact,  so  numerous  are  the  constructive  methods  applied  to  thi* 
end,  that  we  merely  purpose  considering  in  these  pages,  the  latest  approved  designs. 

Formerly  the  practice  of  furnishing  the  valve-spindle  end  with  a  thread  was  largely  resorted 
to,  and  it  was  then  merely  screwed  into  the  valve,  so  that  a  rigid  connection  was  thereby  obtained. 

tffiiito     jiW] 


Fig.  35  b. 


Fig.  36. 


Fig.  37. 


Fig    35  a. 

Alone  this  method  should  be  altogether  rejected,  since  the  distance  from  the  centre  of  the  rod  t/» 
the  valve-face  can  never  be  kept  with  the  accuracy  required  for  any  length  of  time.  The  vadre- 
spindle  connection  should  therefore  be  of  such  a  nature,  as  to  ensure  the  greatest  solidit)'  m 
moving,  simultaneously  allowing  an  easy  disconnection,  and  permitting  the  slide  to  move  fraely 
in  its  frame,  so  as  to  allow  the  action  of  the  steam  on  its  surface,  to  press  it  tight  on  to  iti 
seating.      Where  small   slides  are  used,   the    connection  represented    in  Figs.  35a  and  6  may  he 
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Fig.  38. 


Fig.  39. 


Fig.  40. 


Fig.  41. 


applied.  The  end  of  the  valve-stem  has  a  thread  which  screws  into  a  nut  b  fitted  exactly  b€lwc«a 
the  ribs  b  h  of  the  slide.  The  disconnection  between  spindle  and  valve  is  facilitated  by  CQtliii^ 
out  the  ribs  over  the  rod,  so  that  nut  and  rod  may  be  easily  lifted  oflF  together. 

Another  construction  suited  to  small  slides,  is  the  one  shewn  in  Figs,  36  and  37.  In  thii 
example,  the  end  of  the  valve-spindle  has  a  round  head  a  w^hich  fits  in  behind  the  rib  ^  and  ii 
front  of  the  valve-metal  t\  It 'will  at  once  be  apparent,  that  this  method  can  only  be  used  wluft 
the  valve  lap  d  is  made  sufficiently  large.  Should  the  lap  not  be  correspondingly  suited,  the  ooi- 
struotion  shewn  in  Figs.  3H  and  39  may  be  resorted  to.  In  this  case,  the  end  of  the  valve^^Mti 
is  furnished  with  two  collars  a  a  which  fit  into  the  claw  i*  of  the  valve. 

A  valve  and  spindle  connection,  largely  used  is  shewn  in  Figs.  40  and  41.  The  ¥ilf^  !• 
closed  at  the  top,  and  its  back  is  formed  as  illustrated,  with  an  oval  passage  into  which  the  wmi 
and  threaded  end  of  the  valve-spindle  passes,  the  two  being  screwed  up  by  look-outs.    The  play  tdl 


/  .S.iiuuiiuii  Jiijuiuiiiii|liuil 


to  the  valve  by  its  oval  passage,  allows  it  to   adjuat  itself  to  the  steam-pressure.     If  on  the  one 

side,  this  construction  shares  the  defect  of  the  thread  being  likely  to  wear  in  time,  the  counter  claim 

may   be  set  up    in   its  favor, 

that   it   can   be   easily   re-ad*  i 

justed,     Similar  constructions  ^  ^  " 

t^i  the  one  just  described  are 

shewn    in    Figs,  42—44   w^ith 

this   main  difference  that  the 

valve  rod  passes  over,  instead 

of  under,  the  valve-back. 

A  plan  both  simple  and  cheap,  and  in  fact  also  often  resorted  to,  is  shewn  in  Figs,  45—46, 
The  brass-nut  a  which  is  made  to  receive  the  end  of  the  valve-stem,  is  bedded  in  the  flanges  }*h 


FiK.  4S. 


Fig.  4». 


A 


Fig.  44, 


■T^^F^ 


Fijts.  46 -4C. 


Fig«,  47—48. 


of  the  slide.    The  nut  allows  a  certain  amount  of  play  to  the  valve,  and  for  this  reason  its  edges 

are  rounded  off.    In  these  various  slide  and  spindle  connections,  it  is  customary,  —  to  ensure  a  sure 

■  travel  of  the  slide ,    —  to  make    the  valve  slide  on 

planed  ledges  in  the  valve  chest. 

Our  illustrations  (Figs.  49  and  50)  shew  a 
plan,  where  the  slide  is  motioned  by  a  square  frame, 
which  is  somewhat  rounded  off,  on  its  inner  contact- 
surfaces,  so  that  the  slide  may  be  thereby  prevented 
from  sticking  fast,  against  the  steam- tendency.  The 
connection  between  frame  and  stem  is  effected  by  boss 
and  wedge  h.  It  frequently  occurs,  that  spindle  and 
frame  are  screwed  into  each  other,  as  shewn  in 
Figs,  49—50.  ^^8«.  49-^50. 

In  the  construction  shewn  in  Figs.  51  and  52,  threads  and  nuta  have  been  superseded  by 
sleeves  bb  and  wedges  aa.   but  this  plan    has   been   further   improved  upon   by   a  Mr.  Kramer^ 
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who   has  devised   the  method   shewn   in  Figa.  53  and  54,    which  illustrations    are  sufficiently  ex- 
planatory  in  themselves  to  require  further  comment 
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Fig8.,51— 52, 


Figi.  63—54. 


II. 


Steam-engines  fitted  with  simple  Slide-valve  gears  workiu^ 
non-expansively  or  with  fixed  ExpansioD. 
1.  Tangye  Brothers,  Biriulngtiaiii. 

(With  illustriitioiiB  on  Supplement' Platea  1  and  2,  and  L) 

Though  great  care  and  precision,  are  generally  bestowed  on  Engines  of  the  larger  tjrpe*, 
ns  much  cannot  often  be  said,  of  the  design  and  actual  construction,  of  the  small  steam-mot^m 
To  English  Engineers,  the  credit  is  largely  due,  of  having  perfected  the  small  Steam-motor,  &ni 
this  improvement  has  manifested  itself  in  good  workmanship,  and  proper  proportioning  of  tiif 
working  parts.  As  a  result  higher  working  speeds  and  greater  power-developments  have  ht^x^ 
attained,  than  inferior  machines  previously  allowed.  In  the  second  volume  of  thiB  Work,  pg.  249 
the  writer  of  these  lines,  took  occasion  to  point  out,  the  important  r6le  small  engines  might  enjoy 
in  the  Future,  and  on  page  213  of  the  same  volume  he  referred  to  the  diflferent  progresaive  ideali 
set  up  by  English  and  Continental  Engineers.  Whilst  referring  the  reader  to  these  remarks,  it  i* 
indisputable,  that  a  large  number  of  English  Engineering  Firms,  have  raised  the  constmotion  of 
small  Steam-motors  to  a  marked  speciality,  which  still  enables  them  to  compete  in  this  br&o^ 
more  successfully  with  the  Foreigner,  than  they  are  now  able  to  do  in  the  heavier  builds  of  Stt'im- 
engines.  Messrs.  Tangye  Bros,  of  Birmingham,  have  undoubtedl}^  done  much,  to  raise  th©  sooll 
Steam  engine  to  the  degree  of  iinish  aud  perfection,  which  it  now  enjoys. 

The  engine-pattern  known  as  of  the  Taugye-type,  has  been  largely  introduced  and  noci 
imitated,  for  reason  of  its  suitability  to  Steani-raotors  of  the  smallest  sizes.  On  aceonnt  of  dkcir 
solid  and  compact  fonn,  these  Engines  adapt  themselves  admirably  for  driving  small  Works,  ^ 
for  situations  where  attention  to  difficult  repairs,  cannot  be  relied  upon.  This  solidity  is  laifdj 
due  to  the  simple  construction  and  conspicuous  reduction  of  component  engine -parts,  for,  W  •**• 
by  our  Fig.  1  (Supplement-Plate  1),  the  bed-plate,  with  the  crank-shaft  bearings,  the  motiaii*bai% 
as  well  as  the  front  cylinder  cover  and  stuffing  box,  all  form  together  one  single  casting. 

Characteristic  in  this  Engine-type  is  the  handsomely  designed  bed-plate,  which  oambinti 
the  advantages  of  the  Corliss-frame,    with   that  of  tht;   horizontal  engine   foundation-plate.     Ik 
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ider  is  bolted  to  the  bed-plate  and  overhangs  the  latter,  and  the  engine-bed  —  supported  on 
a  wide  basis  —  is  securely  held  down»  by  five  strong  foundation-bolts. 

j  This  2  ^P  Engine  has  a  cylinder  diam.  of  4  in.  (101  mm.)  and  a  stroke  of  8  in.  {203  mm.). 

The  piston-ruuB  at  4  ft,  speed  per  sec.  answering  to  180  crank  revolutions  per  min.  For  the 
generation  of  the  necessary  steam  of  .S^/.^  atm.  pressure,  IB '4  lbs.  of  coal  and  120  lbs.  of  water 
are  respectively  consumed  and  evaporated  per  hour.      The  weight  of  the  engine  is  5*/^  cwt,,  and 

Lthe  fly-wheel  (2  ft.  6  in,  diam.  and  3  in.  on  the  face)  weighs  separately   1^/4  cwt. 

The  eccentric  is  set  to  an  eccentricity  0'87  in.  (22  mm.)  and  to  an  advance  angle  of  53*^,  and 

'as  the  outer  lap  =:  0"51  in.  (13  mm.),  expansion  begins  at  half  stroke.  (?)  The  steam  supply- 
pipe,  is  %  ill*  in  inner  diameter,  or  V28***  of  the  cylinder-area,  hence  the  live  steam-velocity 
assumes  the  speed  of  108  ft  (33  m.)*)  per  sec.     The  exhaust  pipe  is  internally  1*1|  in.  ('IS  mm.) 

tin  diam.  The  steam-ports  are  0.43  in.  (11  mm.)  wide  and  2'4in.  (64  mm.)  in  depth,  corresponding 
to  Vjj*^  cylinder  cross-area. 
The  connecting-rod  is  made  to  five  crank-lengths,  and  in  place  of  a  wrought  iron  crank,  a 
cast-iron  crank-disc  is  used,  w^hich  facilitates  the  balancing  of  the  same.  The  slides  are  planed 
flat,  and  in  order  to  compensate  for  wear  and  tear,  the  cast-iron  motion  block  is  rendered  ad- 
justable by  a  couple  of  set-screws.  The  crosshead*pin  is  not  placed  centrally  to  between  the  guide-bars 
and  is  fastened  by  two  nuts;  its  length  and  diameter  are  respectively  IV-^^^'  ^^^  ^  in.  (38  and  23 mm.}. 
The  crank-pin  is  ri vetted  in  the  crank-disc,  and  is  made  1*38  in.  (35  ram.)  diam.  and  IV4  (45  ram.) 
long.  The  crank*pillow-block  is  on  the  angular  principle,  offering  a  bearing  of  2  in.  (50  mm.) 
diam.  awd  3  in.  (72  ram.)  length.  (?)  The  eccentric  is  keyed  on  the  main-shaft  behind  the  bearing, 
as  w^ell  as  the  strap  governor  pulley    —   fixed  with  set-screws  —  and  the  fiy- wheel.     The  crank- 

Khaft  is  made  of  one  uniform  diameter  thnmghout. 
The  arrangement  of  the  feed-pump   is  original;  as  shewn  in  Fig.  2,    (Supplement-Plate  1) 
t  is  merely  interposed  between  eccentric  rod  and  valve-spindle.      The  working  of  the  feed-pump 
is  explained  by  Fig.  5  (Supplement-Plate  1), 

The  engine-governor   is  represented  in  longitudinal   section    and   to    an  enlarged   scale    in 
HgB.  6  and  7  (Supplement-Plate  1).    It  reacts  on  a  throttle-valve  which  is  placed  in  the  casing  of  the  shut- 
[>ff  valve.     The  governor  is  shewn  with  the  balls  in  their  highest  position,  whereby  the  throttle- 
ralve  is  shewn  closed.     The  governor-spindle  is  driven  by  bevel-gearing,  and  in  order  to  be  able 
adjust  the  governor  for  different  speeds ,   a  spiral-spring  is  arranged  on  the  steel  pressure-rod, 
k'hich  reacts   on  the  governor-balls.      For   this   purpose,   the   spiral-spring   may   be   more   or  less 
impressed,  which  is  done  by  a  nut  and  threaded  spindle  placed  at  the  head  of  the  governor-sup- 
jrt.     This  threaded  spindle  passes  through  the  steel  pressure  rod  and  is  connected  to  the  end  of 
ie  spiral-spring.      The  governor  is  run  at  500  revs,  per  rain.     The  engine  speed   is  kept  so  uni- 
>rmly  by  this  governor,  that  even  the  flying  off   of  the  main  dri%ang  belt,  shews  no  perceptible 
change  of  Speed  to  the  eye. 

Messrs.  Tangj-^e  Brothers,  construct  these  engines  chiefly  in  the  following  sizes: 


*j  GoiQ|mrc  |mge  387,  VoJ,  H.  After  many  experimenter  Hailingcr  fuimd  that  where  uo  njipreciAble  Io^n  o]  prei^ 
Mite  mmiiJ  Tested  lUself,  the  Average  Steam- velocity,  =^  30  m.  per  lec.  Hence  if/=  cyHii<ler-bore  area^  v  =  piston -speed  in 
toeirc^a  per  sec,  and  IT  f  be  taken  to  represent  ihe  reciprocal  value  of  the  Bteftm-veloeity  (i.  e.  C  ^  Vao^'  whilst  f\  =:^  ateam* 


0tipp]j««reA»  I  hen  we  may  write  V 

IT  h  I  ft  n  d  -  T  u  I  h  a  a  ■  e  n  ^  Sieijini  ■  Engines. 
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Nominal  Hone  Power 

2 

S 

4      I      «       1       8 

10 

12      1      U      1      20 

n 

Diftmeter  of  St€iim  CjlMider 

4  in. 

5  in. 

6  in. 

8  in. 

9  in. 

10  in. 

11  in.  1   12  in. 

14}  uu 

iBbL 

Lengih  of  Stroke     , , 

8  in. 

10  in. 

12  in. 

le  in. 

16  ia 

SO  in. 

20  in.  1  24  in. 

28  iit. 

28  in. 

RCTolutiuns  per  Blinute 

laa 

U4 

ISO 

J  00 

90 

85 

85 

75 

65 

65 

Approximmtc  Weight  of  Engine,  nil  compl. 

51  cwt. 

fl4cwtJi4Jcwt. 

24  cwt. 

33  cwt. 

47  cwtl  62  cwt 

60  cwt. 

lOOcwt. 

120  cwt 

n                  i»       »i    Flj-whcel 

l|  cwt. 

3  j  cwt.  6i  cwt, 

BJ  cwt. 

13|  cwt. 

19cwt,ll9cwt, 

22  cwt. 

33  cwt,    40  cwt 

Diam,  of  Flv-wh<?t'l             

30  in. 

39  in. 

48  in. 

54  in. 

fiO  in. 

66  in.  *  m  in. 

72  in. 

90  in.  108  in. 

Width  of  Fpice,  tiim^c! 

3  in. 

4  iu. 

&  in. 

6  in. 

7  in. 

8  in.  1    8  in. 

9  in. 

10  in.     If  OS. 

Diameter  of  Fly-whecJ  sliaft 

2  in. 

21  in. 

2J  in. 

31  in. 

35   in. 

4  in.   '  i\  in< 

44  in. 

41  in.     5{  in. 

Length  of             „             ^,           .... 

28  ill. 

£16  in. 

39  in. 

45  in 

48   in. 

51  in.  1  54  in. 

54  in. 

63  in.     72  ifl. 

Diameter  of  Steam  Pipe 

1  in. 

1  in. 

4  in. 

H  in. 

If  in. 

2  in.     2i  in. 

21  In. 

5i  in*  i    4  im. 

„         f,    £](hjiti8t  Pipe. . 

li  in. 

U  in. 

1}  in. 

2J  in. 

2i  in. 

8  in. 

H  in. 

Hin. 

iiin. 

5  ia. 

Of  late  yearSj  Messra.  Tangye  Brothers  have  introduced  another  typical  construction  known 
as  the  Soho-engines,  and  we  represent,  one  of  these  horizontal  Engines  of  10  horse-power  on  (Supple- 
ment-Plate 2  (Figs.  8— 11);  it  has  a  cylinder  diam,  of  10  in.  (254  mm.)  and  a  stroke  of  1  ft  (304 mm.. 

Owing  to  the  peculiar  form  given  to  the  hed-plate,  the  general  appearance  of  the  Engine 
is  rendered  ahnonnal  As  a  cranked-shaft  is  used  in  place  of  the  crank-disc,  the  bed-plate  has 
two  pillow  blocks.  The  fly-wheel  is  keyed  on  the  open  end  of  the  shaft.  Again,  the  slide-bar  arxangeineDt 
is  also  peculiar,  as  it  ia  formed  by  one  portion  of  the  bed  plate,  and  is  arranged  above  the  piston-rol 

Crank-rod  and  eccentric-rod  are  of  cast-steel,  made  to  an  T  section.  The  butt-end  of  the 
connecting  rod  is  made  closed,  with  wedge-adjustment.  By  placing  the  eccentric  within  the  bed- 
plate, very  short  steam-ways  are  obtained;  on  the  other  hand,  the  hed-plate  has  to  be  scooped 
out  to  allow  the  eccentric  rod  to  pass  through,  and  owing  to  the  same  reason,  the  feed-pump  bii 
to  be  worked  off  a  prolongation  of  the  valve-rod;  this  arrangement  allows  the  feed-pump  to  b« 
dispensed  with  when  so  desired. 

All  the  sliding  surfaces  are  made  proportionately  large.  The  crank-pin  ia  3^.4  in,  (83  mm, 
in  diam.  and  5  in.  (127  mm.)  long.  The  crank-bearings  are  3Vi  in*  (89  mm.)  in  bore^  and  6*/|  ie 
(172  mm.)  in  length.  The  motion-block  pin  is  P/4  in.  (44  mm.)  in.  diam.  and  4'/^  in.  (113  nun) 
long,  and  the  cross-head  slides  ^^  48.7  nq.  in.  (314  qcm,) 

An  oil-catcher  is  placed  under  the  crank,  between  the  bed-plate  and  the  foundation.  The 
dimensions  of  the  Soho  Engine  types  are  given  in  the  following  table. 


Noioinid  hortiepower     . , 

I  Cylinder  diameter  in.  in   .     .     ,     .     .     ,     . 

Kerolndons  per  miii, 

Diam.  af  Hy-wfaeel  in  it.  and  hi 

Face  of  fly-wheel  in  In 

i^ength  af  crank-^hftft  mittilde  bearing  in  in 
Difun.  of  Steam-tiiipply  pipe  in  in.  ... 
Diam,  uf  tSieain-exhanst  pipe  in  in    .     • 

Diam.  of  Feed-water  pipe 

I^engih  and   «idih  uf  Engine  in  ft.  and  in. 


4 

6 

10 

eVi 

8 

10 

210 

180 

150 

2  a  11 

in. 

3  ft.  4  in 

6  ft. 

5 

6 

d 

eVi 

8 

10 

iVi 

2 

2^, 

2 

2Vf 

3 

»/4 

1 

1 

y  s*'  X  4 

7** 

6'  10**  X  &'  ^*' 

7'  8"  X  « 

II 
tl 

ISO 

<ft 
to 
II 
s 


Vef*tieal  Engine :  Messrs.  Tangye  Brothers  were  also  represented  at  the  Paris  Intemitioiu! 
Exhibition  of  1878  by  a  Vertical  Engine,  a  sketch  of  which  we  represent  on  Supplem6nt*PUte ! 
(Figs.  11 — 13).  It  may  be  here  observ^ed,  that  this  tj'pe  distinguishes  itself  by  its  compact  and  boU 
construction;  for  in  this  arrangement,  the  bed-plate,  the  vertical  engine  frame  and  the  Iowct  cyliad^ 
cover  are  again  cast  in  one  piece,  same  as  we  noticed  in  the  Horizontal  Engine-t:>"pe»  The  cj*UBi<i 
is  bolted  to  the  vertical  frame,  which  is  cast  hollow;  it  is  jacketed  and  steel-cased.  The  cylinte 
bore  =  8  in.  (203  mm.)  and  its  stroke  ^=  9  in.  (228  mm.);  running  at  180  revolutions  per  misBtft, 
it  is  classed  as  a  six  horse -power  engine.  The  slide -bars  form  part  of  the  frames  and  tit 
crosahead  is  of  the  usual  construction;  the  motion  block-slides  are  made  adjustable^  by  doibk 
set-screws  and  have  a  slide  surface   of  18,6  sq.  in.  (120  qcm.).       The  connecting  rod    is  msde  « 
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me  described  with  the  liorizontal  engine  type.  The  slide-valve  ia  arranged  at  the  side  of  the 
cylinder,  and  is  moved  by  an  eccentric,  whilst  a  second  eccentric  works  the  feed-pumpi  which  is 
bolted  to  the  bed-plate. 

In  the  two  pillow-blocks  of  the  bed-plate,  a  solid  cranked  shaft   is  placed  on  bearings  of 
2*/4  in.  (70  mm.)  bore  and  5Vf  in-  (140  mm.)  in  width.     Li  order  to  utilise  the  flywheel  (3  ft.  4  in. 
:^r  1016  ram,  diam.  and  6  in.  =  15"2  mm.  on  the  face)  as  strap-pulley,    its  face  is  planed  bright, 
and  it  allows  itself  to  be  mounted  on  either  end  of  the  crank-shaft.      The  governor  works  on  to 
^  an  equilibriimi  valve,  and  it  is  driven  by  strap* 

^^  t,  E.  8.  Hlndley,  of  Bourtoii,  EiiglaiicL 

^^V  The  horizontal  and  vertical  engines    made   by  this  Firm   are  chiefly  intended   for  export, 

and  accordingly  all  complications  are  ad  voided  in  their  construction,  and  they  are  further  designed 
to  afford  great  durability. 

An  illustration  of  the  horizontal  type  is  given  in  Fig.  55,   which  shews  that  the  cj^inder 
overhangs  and  is  bolted  to  the  foundation  plate;  the  latter  has  two  crank-pedestals,  and  rests  on 


[the  foundation  over  its  entire  length.     The  motion-block  runs   in  a  slipper  guide.     The  eccentric^ 
^working  the  feed-pump    and   the  slide-valve,    ia  fitted  on  one  side   of  the  crank   behind    the  first 

pedestal;  on  the  other  aide  of  the  crank,  a  belt-pulley  is  mounted  for  driving  the  governor.     The 

fly-wheel  may  be  keyed  on  either  side  of  the  engine. 

The  sizes  and  dimensions  to  which  these  engines  are  constructed,  are  given  in  the  foHowing 

table: 


Nominal  borae-power  . 

2 

3 

4 

5 

« 

8 

10 

12 

15 

Diftineter  of  Cylinder  . 

4 

5 

e 

7 

8 

9 

10 

11 

m 

Stroke  of  VkUm  . 

6 

H 

9 

101 

12 

13 

U 

15 

17 

Diameter  of  Fly-wlieel 

28 

%2 

aa 

42 

48 

54 

CO 

72 

78 

Revolution B  per  Minute 

240 

210 

180 

im 

140 

130 

120 

110 

m 

109. 

23 

S6 

30 

35 

36 

42 

4G 

50 

m 

Space  cicciipieU     * 

X 

X 

X 

X 

X 

X 

X 

X 

X 

46 

55 

64 

74 

84 

02 

IQO 

120 

127 

^ge 


103. 


♦)  A  Horizontal  Hauling;  Eugioe  of  Messre.  Tangye  Brothers  make  was  illustrated  Sn  **Tlie  Engineer**  d,  6  Aug,  1880, 


^0 

Hindley's  Vertical  Engine  Typo  is  ilhietrated  in  Fig.  57,  connected  with  a  steara-boiler^  an^ 
they  are  both  mounted  on  a  water  tank  and  lour  travelling  wheels.  The  engine  frame  is  of  hh  sectum, 
and  its  lower  end  is  made  to  support  the  craok-ahaft.  The  crank- plate  is  provided  with  two  holea, 
and  the  crank-pin  can  be  placed  in  either  one  or  the  other,  according  to  the  direction  in  wkicb 
it  is  moat  convenient  to  run  the  engine.  The  top  portion  of  the  engine-frame  is  planed,  to  nceire 
the  cylinder.  The  top  side  of  the  cylinder  is  closed,  —  i.  e.  it  has  no  cover  in  the  ordinary  seme 
of  the  word  —  and  its  valve-chest  is  cast  with  it  in  one  piece;  in  this  manner  the  engine-frtae 
simnltaneotisly  forms  the  valve-chest  cover. 


Fig.  6«J. 


Fig.  67. 


The  eccentric  is  placed  between  the  first  pedestal  and  the  crank  disc,   and  a  spMe  ii  C9t 

out  of  the  engine  frame  to  take  up  the  governor-driving  pulley. 

The  engine  type  represented  by  our  Fig.  56  is  constructed  in  11  different  sizes,  vim«c 
I'roni  1  to  ]  5  nominal  horse-powera.  On  the  other  hand,  the  combined  boiler-  and  engine-^'}Hf  i' 
only  built  in  9  sizes  answering  from  1  to  8  horse-powers.  Engine  and  boiler  are  arranged  itt 
dependently  of  each  other,  on  a  cast  iron  tank  serving  the  double  purpose  of  water-heater  ui 
ash-pan.  This  tank  is  bolted  firmly  to  the  hind  axle»  but  sits  on  the  first  axle  on  a  8WJve)*k*lt 
When  required,  the  engine  allows  itself  to  be  turned  bodily  round,  so  as  to  permit  the  driving  ^^ 
be  done  from  either  side. 
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:!•   Tbe  Halle  Engineering- Works  atid  rron-FoinHlr> ,  of  Halle  a. 

Simplicity  and  originality  are  the  main  characteristics  of  the  engine-type  constructed  by 
this  Engineering  Fiim,  —  formerly  Messrs.  R»  Riedel  ^  Keronitz.  —  The  engines  we  now  propose 
discuBsing,  are  built  in  two  arrangements,  according  to  their  size.  The  smallest  are  of  the  pattern 
abewn  in  Fig.  58  in  which  the  main-shaft  is  cranked,  and  is  carried  on  two  pillow-blocks  cast 
with  the  hed'plate.  In  the  larger  constructions,  the  cranked  main-shaft  is  replaced  hy  a  crank- 
disc,  and  correspondingly,  the  second  bearing  ia  fixed  independently  of  the  engine-frame,  so  that 
the  fly-wheel  is  placed  as  usual,  between  tbe  tw^o  bearings. 

The  form  of  the  bed-plate  is  characteristic,  and  it  forms  one  casting  with  the  cylinder-cover 
and  the  slide-bars.  Easy  accessibility  to  all  the  working  parts  is  thus  secured,  w^ithout  sacrificing 
solidity,  or  stability. 


Fit?.  38, 


To  give  a  handsome  appearance  to  the  engine,  the  various  flanges,  cylinder-covers,  governor 
balls  and  counter-weight  on  the  governor  are  polished  bright,  and  the  flywheel  (adapted  as  strap- 
pulley)  is  turned  both  on  its  face  and  sides.  The  crank  shaft  is  sufficiently  prolonged  on  the  one 
engine-side  to  take  up  additional  driving  pulleys  if  required.  The  slides  uf  the  motion*block  are 
rendered  adjustable  by  wedges.  These  engines  can  be  easily  converted  for  wall-purposes,  or  require 
only  a  light  foundation,  when  used  as  horizontal  engines.  If  employed  for  portable  purposes 
they  are  mounted  on  a  strong  metal  bed-plate,  w^hich  in  its  turn,  is  bolted  to  the  boiler-shell. 

These  engines  are  constructed  in  the  following  ten  sizes: 


ESominftl  HP.  (The  imlieaterl  ME  ctHculaiea  iUvU 
Bt  dmible  the  QomiriAl  when  i^arkitig  At  S^j^Siim, 
cy  11  niter  stenm-pressure)     .     ,     ,     «     .     ,     .     *     . 

SteADi-cy kinder  iliiuii*  iu  in 

Stroke  in  in.    * 

Arerage  revolutions  per  mia.     ,     . 

6l0Ain-fiuppIy  pipp  (borp)  in  in.      .,.,.,. 

Bisafii'exbauM  pipe  (bore)  in  in* 

Appruximaie  Eugine-wetgbt  in  cwU 


3 

3     1 

4 

& 

a 

8 

10 

IS 

15 

4 

5 

e 

r 

8 

9 

10 

n 

IS 

7J7 

7.87 

1L81 

11.61 

11.81 

li^a/^ 

lS»/i 

153/4 

31.66 

ISO 

180 

120 

120 

120 

90 

90 

90 

65 

0.79 

0.98 

1,58 

1.88 

1.S8 

1.97 

L97 

2.96 

2.56 

1.38 

t.&8 

1.97 

1.97 

2.56 

2M 

3.15 

3,t5 

3.54 

6Vs 

a 

U 

17 

28 

31 

34 

60 

56 

It 


4.    Joiiii  Bourne  &  Co.,  of  London. 

(With  ilhistratiojiii  on  Supplement-Piiit^  1,  Figs^  8—13.) 

The  engine  defiigned  by  John  Bonnie,  has  now  been  so  long  before  the  English  public, 
has  been  so  frequently  reviewed  in  the  Engineering  Press,  that  we  content  ourselves  here  in  mer 
illnstrating  this  constniction  on  Snpplement-Plate  1,    Figs.  8 — 13,   as  a  High-pressure  High-spe 
Engine,    and   in   giving   the    following   Table    of  Dimensions   of  the    various    sizes,    to    which 
has  hitherto  been  built 


Hrirae-power  (efTective)  , 
Cylinder  diani.  in  inches 
Stroke  in  inches   .     .     . 
Diameter  of  Fly-wheel  . 
Revolutions  per  min. 


4 

6 

12 

20 

80 

40 

&0 

70 

2Vt 

3V4 

8^/i 

4^/i 

5V, 

6Vf 

71/, 

SVd 

5 

fiVt 

7^4 

9Vt 

iiVi 

IS 

14 

I6I/4    1 

1  a  8  IT). 

1  ft.  8^^ 

2   ft. 

21/; 

s* 

S'  6"    ' 

3'  9" 

41  2** 

516 

436 

3S8 

337 

302 

277 

U$ 

233 

5,   Clialigny  &  Gujot-Sionnest  (Malson  Calla),  of  Paris. 

In  the  horizontal  engine  built  by  these  Engineers,  and  as  exhibited  by  them  at  the  Pa 
International  Exhibition  of  1878,   the  somewhat  antiquated  box-frame  —   as  regards  small  si 
motors  —  is  retained  with  the  four  double  slide-bars.    Though  probably  nothing  detrimental  cm 
be  urged  against  this  adoption,  since  the  box-frame  forms  on  the  contrary  the  most  solid  bed  for 
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large  engines,  still  its  retention  with  small  engines  is  scarcely  advisable,  inasmuch  as  such  capitii 
designs,  embodying  a  later  practice  have  been  offered  us  in  other  engine  bed-plates. 

In  the  engine  in  question  (Fig,  59)  the  bed  consists  of  a  closed  narrow  casting,  whid) 
on  a  stone  or  brick  foundation.  The  two  crank-shaft  pedestals  are  cast  in  one  with  the  lui 
Between  the  crank  and  the  front  bearing,  an  eccentric  is  mounted  on  the  main  shaft  for  driinf 
the  feed-pump,  whilst  a  second  eccentric  fitted  on  the  other  side,  works  the  slide.  A  Wilft 
governor   is  erected    behiiKl    tl*e    front  pedestal,   and   it  is  driven   by  worm-gear,    which 


I 


^-fmrnm: 
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necessitated  the  bellying  out  of  the  bed,  to  the  detriment  of  the  general  appearance*    The  governor 
is  made  to  act  on  a  throttle- valve. 

The  sHde-bara  rest  with  their  front  ends  on  the  engine  bed,  and  are  bolted  to  the  cylinder 
at  their  other  extremity.  The  cylinder,  is  steam-jacketed,  and  is  bored  to  7*47  in.  (190  mra.)  whilst 
its  stroke  =  11 '8 1  in.  (300  ram.).  The  crank  is  run  at  115  revolutions  per  minute,  so  throwing 
off  a  piston  speed  of  3  ft*  9  in.  (Iil5  m.)  per  sec.  Working  at  6  atm*  boiler-pressure,  these 
engines  develop  16  IIP  and  their  ap- 
proximate weight  =  25  Va  cwt  (1300 
kilogr.). 

The  Vertical  engine  type,  con* 
structed  by  this  Finn  (as  illustrated  in 
Fig.  60}  is  of  more  pleasing  design. 
As  a  combined  engine  and  boiler 
arrangement,  it  is  built  in  sizes 
developing  2—8  HP. 

The  vertical  Field-boiler  stands 
independently  of  the  engine,  though 
it  is  mounted  on  the  same  bed-plate. 
Two  curved  standards  rise  at  each 
side  of  the  boiler,  and  these  two 
form  the  bearings  for  the  horizontal 
crank-shaft,  which  runs  over  the 
boiler.  The  steam  cylinder  is  bolted 
to  the  foot  of  the  one  standard,  and 
the  motion  block  is  made  to  grip 
only  one  slide-bar.  For  symmetrical 
reasons,  the  feed-pump  was  fixed  to 
the  other  standard^  where  it  is  worked 
off  a  second  eccentric, 

In  this  vertical  engine  type, 
the  cylinder  diameter  is  made  to 
vary  between  4* —6"  (110— 150mm.) 
with  corresponding  strokes  from 
8-66"— 11*81  in.  (220  —  300  mm.);  the 
crank -revolutions  number  125  per 
minute. 

The  horizontal    engine,   illus- 
trated   in   Fig.  59    is    built    in    the 
-following  sizes: 


r^ 


Fig 

.  60. 

Horsepower     ...... 

3-41/i 

•1—6 

6—9 

8—18 

10—15 

12-lS 

Cylinder  dlam.  In  mches.     . 

4.72 

5.19 

5.90 

7.47 

S.36 

9.05 

Stroke  in  loeheK      .... 

9.S4 

9.84 

It.Sl 

ii.ai 

12.60 

is.eo 

Diameler  of  cnuak-shaft   .     . 

2.S6 

2.3(J 

2.76 

2.95 

S.15 

374 

DiAiaeier  of  flj- wheel  . 

4a.  liQ 

4  ft.  Itn 

4fi.niEi 

4ft;iHn  4rt.nin 

5ft.  9in 

Revolutionj?  per  mm.    . 

125 

125 

115 

115          110 

105 

Enifine-weiglit    in  cwte.      .     , 

14 

n 

20 

2e 

39 

47 

u 


6.    Erie  City  Iron-works,  Erie  (Peiiii.  U.  S.  A.)7 

This  Firm  uses   the  flat  beii-plate  in  all  its  engines.      As  shewn  by  Fig.  61,   the  cranke 
fiiain-ahaft  is  carried  on  two  pedestals,  whilst  the  cross-head ^  slides  between  a  pair  of  slide-baj 
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Fig.  61, 

The  cylioder  has  a  double  raetal-lining,  and  for  the  smaller  sizes,  (working  without  expansion-j 
the  following  dimensions  are  adopted: 


Hor^t' power  .     . 

10 

12 

15 

18 

20 

Cyliucler  diam,   in 

mcliCB 

7 

8 

6 

9 

10 

Stroke  In  iiicbes 

10 

10 

12 

12 

12 

;.    p.  A  H.  p.  (Ilbbons,  of  Wantage. 

(With  iiiiibt ration;^  un  Suiiplemetit'i'lHti!  2,  Figs.  1 — 5). 

In  this  improved  construction  of  Engine   the  number  of  working   parts,  joints    and  baltl 
has   been   considerably  reduced,    and  Fig*  62    gives    a  perspective  view  of  this  Engine,    wbe 
Supplement-Plate  2,  (Figs.   1 — 5)  gives  us  Working-drawings  of  this  t^^pe. 

The  Base-plate  or  frame  of  the  Engine,  the  front  Cyli^ider  cover,  the  oxosa-head  guid«if 
and  the  crank-shaft  bearing,  are  all  cast  in  one  piece,  to  which,  practically  speaking,  may  be 
added  the  cylinder  with  its  steam-chest,  which  with  a  carefully  wrought  reoees,  fitting  upon 
cylindrical  projection  of  the  front  cover  of  the  base-plate,  makes  an  almost  undivided  arrang^iiiei 
The  cross-head  nnition  blocks,  and  the  connecting-rod  ends,  are  made  adjustable  to  pfOf 
against  w^car  and  tear,  which,  however  little,  may  be  eliminated  at  any  time.  All  parts  are  ma'f* 
interchangeable,  those  admitting  of  gauging,  to  Whitworth's  Gauge.  The  cylinder  covers  uA 
flanges,  the  connecting  rod  and  ends,  the  crank-plate,  shaft,  and  the  rim  of  the  fly-wheel,  *i» 
turned  and  polished. 

The  Governor,  of  the  pseudo-parabolic  class,   involves  a  principle  which   is  highly  saitsJ 
for  sensitiveness  and  energy,    characteristics  w^hich  embody   the  best  rei|uirementa  of  a  Grot 


[The  Governor  ia  so  constructed,  as  to  keep  the  plane  of  revolution  •»!  the  pendulum  balls^  below 
[the  free  bearing  point  of  the  governor  spindle,  an  item  of  great  advantage  in  regard  to  the 
ly  working  of  high-speed  governors.    "Engineering"  gives  the  following  theory  respecting  this 

'  governor : 

Let  /  =^  length  of  pendulum  lever. 

a  =  distance  uf  point  of  suspension  from  axial  line  of  governor- 

a^  n,,   the  angles  of  the  arms  corresponding  to  the  angular  velocities  i5|  wj^,  and 

A,  Aj,  the  corresponding  pendulum  heights, 


I'ig.  G2. 


then , 


rhere 


A,,  iki|*    __  /,cos.  cfji  —  acotg.  «|| 


A. 


/  COS.  a ,   —  a  cotg,  cr, 


min. 


is  given  by  sin,  a 


niin.       Y ' 


In  Fig.  5,  (8upplement-Plat^  2)  which  illustrates  by  way  of  diagram,  Hie  principle  of  the 
governor,  we  have  B  a  rod  with  orosshead  jU  to  which  are  pointed  the  levers  7>  A"  and  D^  7^,. 
Cj  />t  and  ( '  I>  are  two  links  joining  the  ends  D  and  i>,  tf»  C  and  fJ  respectively.  Tlie  end  of 
TJ  when  the  ball  E  has  a  tendency  to  rise,  moves  in  a  circle,  whose  centre  is  C;  and  in  the  same 
time^  the  point  F  of  lever  E  D  being  obliged  to  move  parallel  to  the  axis  of  tlie  govenior,  the 
ball  E  is  forced  to  move  in  an  elliptic  curve. 
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On  the  top  of  the  central  spindle  crosshead  A^  there  is  a  spring  which^  when  more  or 
compressed,  regulates  the  speed  of  the  engine  eorrespondingly.  Thus  let  G  ^  the  weight  of  Ihe 
ball;  Gi  =  the  force  exerted  hy  the  spring  plus  the  weight  of  the  rod  and  throttle  valve  and 
coupling,  then 

__  ^^  _  )  _^_  (J  COS.  « — a  cotg,  a)  —  1   )  —  2 

where  lu^  71  *     • 

—  :=  ^ ,  in.    approximately,    and  n  =  number  of  revolutions  per 

minute,  and  €f  =  acceleration  of  gravity.  From  the  above  formula,  the  force  to  be  exerted  by  the 
spring,  in  order  to  correspond  to  a  certain  number  of  revolutions,  can  he  easily  determined. 

Turning  next  to  the  pump  an-angcment,  in  the  ordinary  feed  pump  arrangement,  the 
pump  plunger  is  of  the  hollow  tubular  pattern,  and  the  main  joint  is  frequently  small  and 
insulficient,  and  scarcely  accessible  without  great  loss  of  time.  In  Messrs.  Gibbons'  arrangement 
the  position  ivf  tlie  pump  barrel  is  simply  reversed,  and  the  plunger  is  solid,  and  worked  by  a 
rod  passing  through  the  bottnm  of  the  pump,  thus  allowing  the  application  of  a  large  joint,  wbjcli 
is  at  any  time  open  to  inspection  and  lubrication.  There  is  also  a  rigid  connection  between  the 
pump  and  the  slide  valve,  both  being  worked  by  one  eccentric.  With  this  arrangement,  the  puin|» 
also  forms  a  good  guide  for  the  valve  spindle, 

Tlie  powers  and  dimensions  to  which  these  Engines  are  built,  ard  tabulated  as  follows: 


Ntimiiitil  Horse  Power 

Two 

Threes 

Four 

8ix 

FJghi 

Ten 

Twelve 

Founeeii 

•indicated  Horse  Power    ,, 

4 

6 

9 

Ifi 

19 
9  in. 

24 
10  in. 

29        1 

84-4 

Diameter  of  irjlmiler 

4  In* 

5  in. 

6  m. 

e.iit 

11  iiu 

12  in. 

Length  of  Stroke 

8  in. 

10  in. 

12  in. 

16  in. 

18  in. 

20  in. 

20  in 

U      Ml 

Cm  off  at        

0,53 

0.&2 

0.52 

0.52 

0.52 

0.&2 

0.!i2 

*>     •- 

ComjircKsiun     .. 

O.l 

O.l 

O.l 

O.l 

0.1 

fhi 

Ot 

11.1 

K(!vultJtiuus  [>er  MiiiitU' 

188 

lU 

120 

100 

90 

85 

95       , 

u 

Diameter  of  Fly  Whe**! 

30  m. 

39  in. 

48  in. 

54  in. 

b^O  in. 

$6  in. 

U  m. 

12  ii. 

Wi<Uli  of  Face         

3  in. 

4  in. 

5  in. 

6  in. 

7  in. 

8  in. 

S  in. 

fin. 

Approxiuiftte  Weight  of  Fly  Wheel  .. 

1|  cwt. 

3J    fWt. 

GJ  cwt. 

9}  cwt. 

13i  cwt 

19  cwt. 

201  *^* 

nc^ 

Dimneter  of  Fly  Wheel  Shaft  .. 

2  in. 

2|  in. 

2J  in. 

31  in. 

n  in. 

4  in. 

4{   in 

4;  " 

Length  of             ^,               ,, 

28  in. 

36  in. 

39  in. 

45  in. 

48  in. 

51  in. 

54  in. 

..i  II 

Diameter  of  Stfani  I'l^ie 

J  in. 

1    in. 

l^  in. 

11  in. 

Ijf  in. 

2  tn. 

^  in 

Urn 

t,         ,,     Exbttusr  ripi* 

li  in. 

1}  in. 

li  in. 

2i  in. 

24  in. 

3  in. 

S|  in. 

liU 

Approximme  W' eightof  Engiuu  eoiuplete 

5  cwt. 

9  cwl. 

14  cwt. 

24  cwt. 

33  cwt. 

43  cwt. 

bt  cwt. 

$9m 

Length  of  hoMiiig-flowii  Bottle  .« 

2   ft. 

2  ft.  6  in. 

3  ft.  €  in. 

4  ft. 

4  ft.  6  in. 

5  ft 

6  ft  C  10 

fiftfim 

Diameter  of                   ,,                 .         .. 

ft  ill. 

J  in. 

I  in. 

1  in. 

U   m. 

IJ   iu. 

14  in. 

Ub. 

Approximate  extreme  Length  of  Engine 

5  ft. 

6  ft.  i  in. 

7  ft.  6  in. 

9  ft.  i  in. 

10  ft    4  in 

n  ft. :» in. 

12  fk  4  la. 

13  It  tit 

*  When  cutting  oil   ai   Hiilf  Stroke,  Speeil  •*{'  240  Feet  [>er  miiiute,  am)  50   i'lmndi^  iire^sure  in 


the  1ioSI»r« 


8.    E.  K.  &  V.  TurniMv  «f  IpswIcU. 

(With  ijlustratiung  on  Suj^plement-Fliite  2,  Figs.  €—7,) 

III  the  second  voliimo  <if  tliis  Treatise^),  tlie  vertical  Engine  and  Builer  arrangeiueul  i»i  *^ 
Bo-called  GiiipeHwjk  type  was  described  and  illustrated,  though  it  was  there  not  anlj  wruojt^ 
claased,  but  b^^  a  printer's  error,  the  horizontal  engii)e*deaign  waa  also  omitted.     The  reader  vill 
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therefore   find    this    omission   made    good    iu    Supplement-Plate   2    (Figs.    6 — 7),    but    as    the    two 
engine-types  were  fully  described  in  the  said  Vol.  II,  we  will  not  here  revert  to  them* 

»1J.  Ames  Iroii-workH,  of  Oswego  (N.  Y.) 
This  is  one  of  the  oldest  estal)lished  American  Engineering  Firms,  and  they  make  their 
horizontal  engine  shewn  in  Fig.  63,  on  an  independent  bed  plate,  which  may  either  he  bolted  on 
the  top  of  a  boiler  —  portable  or  utherwise  —  or  fixed  to  a  statiojiary-foundation.  The  cylinder*) 
lis  bolted  to  a  cast  iron  frame,  whicli  similarly  carries  the  crank*shaft  pedestals  and  slide-bars 
[or  guides.  The  crank-shaft  pedestals  are  on  the  improved  angle  system,  and  the  slide-block  runs 
[ijetween  top  and  bottom  guide-bars,  being  lubricated  from  the  top*  The  steam  cheat  is  cast  with  the 
[cylinder   in  one  piece,    and  the  corresponding  slide   valve  is  worked   in  the  usual  w<ay»    from  the 


AMIS  IRONl  WolSP^ 


Fig    6U. 

crank-shaft,  by  an  eccentric.  The  throttle  valve  is  regulated  by  a  Watt's  governor,  driven  by 
belt  from  the  crank-shaft;  the  slide  valve  spindle  is  steadied  in  the  manner  shewn  by  the 
fore  mentioned  giiide-bars.  The  steam  ports  are  worked  with  one  slide.  The  piston  is  constructed 
in  the  customary  manner  with  metallic  packing  rings,  and  the  ordinary  connecting  rod  construction 

,  is  likewise  retained.  The  two  driving  pulleys  are  mounted  on  the  crank  shaft  as  shewn.  The 
cylinder  is  carefully  clothed  in  felt,  and  furnished  with  metallic  lining.  The  feed  pump  is  arranged 
on  the  opposite  side  of  the  cylinder  steam  chest,  and  is  worked  direct  from  the  slide-block.     We 

I  may  here  observe^  that  though  this  method  of  running  the  pump  is  certainly  the  simplest,  yet  it 
is  adopted  by  comparatively  few  engine- makers,  because  when  the  engine  is  running  at  high 
speeds,  the  pump  piston  is  Ijound  to  agree  with  the  slide-block  in  velocitj%  when  the  punifi  is 
apt  to  jar  and  knock  with  each  successive  stroke.      The  feed  pump   is  double  acting  with  clack- 


*)  Communicatetl  to  *'Irun*"  d.  30  Nov.  187 S,  page  677. 
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valves;  the  water  in  the  inlet  pipe  ia  always  kept  open  to  prevent  the  pump  from  drying  up, 
whilst  the  feed  into  the  boiler  is  regulated  by  a  second  pipe.  The  relative  proportions  of  th« 
engine  working  parts  are  given  in  the  annexed  Table,  which  likewise  indicates  that  these  ei: 
are  made  in  eleven  different  sizes,  vaiying  from  3 — 40  horsepower. 


Cylin- 

i 

CO 

Home- 
power. 

der 

duvm. 
in  in. 

Stroke 
m  in. 

0 

3 

3V» 

ti 

1 

S 

5 

10 

2 

S 

6 

10 

3 

10 

7 

10 

4 

13 

8 

10 

5 

19 

8 

12 

6 

20 

9 

12 

7 

26 

.0 

12 

8 

30 

10 

1€ 

9 

8& 

11 

18 

10 

40 

12 

18 

R©v«, 
l>er 

luinutc. 

Flj  wheels 

l>iamB.  in  in. 

Face  in  in. 

250 

0  and  20 

3V2 

176 

24     „    40 

5  and  € 

175 

40     „    40 

6 

176 

30     „    42 

8 

175 

30     „    44 

8 

150 

30     „    48 

8  and  10 

150 

10     „    54 

8  Bud  12 

150 

44     „    54 

8  mid  12 

130 

48     „    GO 

10  ami  12 

110 

GO     ,,    GO 

ri  and  12 

i      110 

m     „    72 

12  and  15 

10,    Tlie  Oiiiiitz  3Iaeliiiie-workH  and  Irim-Fmiiidry,  of  GOrlitz.*y 

In  the  Engines  built  by  this  Firm,  the  hollow  easting  style  —  box-pattern  —  is  retained 
for  reason  that  it  not  merely  allows  the  most  advantageous  use  of  the  metal,  and  fucij  ' 
accessibility  for  cleaning  and  repairing  purposes,  but  also  gives  a  pleasing  appearance  t*-  ^^ 
design.  The  Wall-engines  supplied  by  these  Engineers,  are  illustrated  in  Figs.  (54  and  G5.  The  cnnJc 
shaft  of  such  engines  is  almost  invariably  coupled  to  the  mill-driving  shait,  and  as  the  latter  ii 
generally  fitted  a  good  distance  above  tlio  floor-line,  the  cylinder  is  arranged  below  the  oraok-dufl. 
Mill-shafts  driven  by  wall  engines,  generally  run  near  and  parallel  to  the  wall,  hence  the  aimk- 
ahaft  of  the  engine  will  have  to  be  placed  as  shewn  in  Fig.  t>4.  On  the  other  hand,  if  tif 
mill-shaft  to  be  driven,  is  fixed  to  the  ceiling  or  to  a  column,  then  the  wall -engine  ahewn  i» 
Fig.  65  will  be  adapted  to  this  purpose,  as  its  crank-shaft  runs  perpendicularly  to  the  wall 

Taking  a  constant  cylinder  cut  off  at  Vio^*^*  stroke,  and  a  steam  pressure  of  6  atjn<,  thm 
wall-engines  are  built  in  the  following  sizes: 


Workini;  caimcity   )  f*'"^         - 
r   Indictttisd 

Cylinder  dianieter  in  m* 

Sm>kp  111  inchea 

Revolntiuiks  per  Mintite 

Pbton-ti|iued  per  Soc.  in  ft.  in.     ., 

Flywheel  dimin.  in  (t. 

Approximate  cDgtne- weight  in  cwts. 


;      3 

5 

6 

3,5 

5.5 

6.5 

&J1 

6.29 

6.88 

7.«7 

9.S4 

n,8i 

180 

150 

126 

8  ft.  Uin, 

4  ft  1  in. 

4  ft,  1  in. 

2  ft.  7  in. 

3  ft.  3  ia. 

4  ft.  1  in. 

7.8 

16 

18 

*)  Bj  a  printer's  error^  ^  an  unds^fion  occitrcd  in  VoK  2  in  tbo  descriptian  of  the  llonxuntAl  Coadc 
fined  with  CoHm&n  vulve-gear  ami  illtistrated  on  Plate  55  of  our  second  volum*?.  As  this  engine  wa»  BWd*  *f  ^ 
Finn  here  alluded  to.  we  may  make  goml  this  o[iaii^t«tfjn  by  now  observing  that  the  CoUman-valve  gear  la  aomew^  MMdWi* 
b^  the  **G6rlitzer  MaAchiueuhaii  AiiiftaU  nnd  Eistfn(;ieN»erf>i'',  The  tran^vei^e  sectioD  of  the  cylinder  repr««csitMl  ia  Flf' ' 
(Flaie  55)  gives  evidence  uf  the  ttlrereii  arrangement  uf  the  \alvej>  and  of  the  nkotion-gea.r.  The  e3th«ti«t  valt^  •* 
driven  bj  oiuni  and  lever  oombioatiun.    But,  a«»  in  the  Collxnau  arrangement,  fK)  aUo  in  the  present,  the  motion  ol'  thei 
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In 


11,   Wegellii  it  lliibeiier,  Engineers,  of  Malle  on  the  Saale. 

certain  mills,  requiring  motive  power  on  various  floors,  wall-engines  may  be  advan- 
tageously used,  for  driving  the  macfainerj 
situated  on  each  of  thuae  storeys.  The  Coii|i]ed 
Wall-eugine,  shewn  in  Fig,  66  is  designed  to 
meet  these  requirements.  It  is  easily  fizad 
to  walls,  in  siaes  varying  from  4 — 8  HP, 
without  demanding  extra  strutting  of  the  columnx. 
The  eugiiie-bcd  plate  is  very  massive,  and  to 
are  east,  tlie  two  front  cylinder  cavers, 
slide  bars,  and  the  crank-shaft  pedestals.  Tkt 
fitting  up  of  the  engine  is  thereby  much  sira- 
plitied.  The  Tajigye  governor  is  used  in  thic 
type. 

As    the    two   cranks    are    set    at  right 
angles  to  each  other,  no  dead- centres  occur, 
the    engine    may    be    started    in    any    positii 
whilst    the  resulting  speed     is    kept   very   ani- 
fornx.     These  Coupled-engines    are   built  in 
following  three  sizes: 


'® 


M 


nurscj>ovvt."r    ,. 

4          ' 

C 

$ 

t'vliiidcr  (lium    in  inchct> 

4  i:; 

bM 

*i:^ 

Stmk**  in  JTiches 

K.^ti 

10  23 

l^*i» 

Fig.  66. 
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Figs. 


Iluinlioldt  Maeliine  Works  Co.  Lini.,  of  Kalk,  near  Cologne. 

(With  illiibtriitJiiiyi  ud  Supplement- Pt«te  VI,  VigB,  1 — 4.) 

The  Wall  engine  made  by  these  Engineers,  and  illustrated  on  Hupplemrnt-PUte  Tl 
1 — 4,  is  in  its  appearance  less  noteworthy,  than  in  its  solid  and  simple  construction,  TJi' 
bed  plate  is  of  the  n  section.  Attention  may  be  paid  to  the  slide-bars,  which  on  account  ^f 
their  simplicity,  are  much  liked  in  these  small  motors.  The  piston-rod  is  prolonged  over  tbe  cra*f 
head,  to  receive  here  its  guiding-support.  The  latter  is  fork-shaped.  The  engine  represented  in  -icr 
Figs*  1^4,  has  a  cylinder-diameter  of  10*4  i^-  C^^^  mm.)  and  a  stroke  of  18*/^  in,  (470  mm,.  T^ 
advance-angle  =  28**.  Piston,  and  slide-rod  with  its  bolts,  are  of  steeh  The  slide* valve  asd  it« 
sliding-surface  are  of  the  form  shewn  in  Fig   4. 

The    annexed   Table   gives    the   chief    dimensions    adopted    in   the    eunstruction    m  to«^' 
Engines : 
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Hor8*-power  .. 

(Cylinder  Uiiimeter  in   in , 

Stroke  lu.  inches     ,.         „         „         „ 
Height  (]f  pistuii      «,  ..         ,«         ,.         «, 

Bread ih  of  the  (2)  piston  rings 
Ineide  length  of  cylinder 
Thickoess  of  cylincier-inetal 

Diameter  of  the  cover- HBiiges 

Thickne«t»^,    ,^         t, 
Cover-bolt««;  diftmeter  of  Cylinder-    .. 
Diiuueter  of  piwton-rod    ,. 
.,    conuecting-rod 
Width  of  steaui  snp ply-pipe     ,. 
„        ,,        „      exhnnst    „       .. 
Width  of  ports  ft 

„       „     bridge  b 

„       „     cavity  w  

,»       ,1     lap  ''        .         -         

Length  of  jiteam  porfcB     .. 
Area  of  porti$  a  m   sq.  in. 
Viilve-trftvel    in  inch<*s 

Dijimeti'r  tif  the  eecentrie  

Wiiith        „     „  ,, 

Diftineter  of  the  cylinder  le^g  bolts    .. 
„         ,j     „     cross- head  pin 
„         ,,     ,,     crank-pin 
Length  of  the  crank*rod  in  in, 
Diams.    „    „  ,^      „ 

„        Tt    I.      crutik  tthaft        

Fly-wheel   diam*  in   ft.  and  in. 

Sect  inn  ftl  area  t>r  fly -wheel  rinj  in*  sq.  in . 

Heigiit  of  bed -pi  Ate 

Brendth  ^j     ,i      ,,    .» 

Thickness  of  bedplate     ,. 

Diameter     ^.    iVmtidAtioii'holts   «. 


4 

5 

6.19 

7.00  , 

12.60 

13.89 

2.76  , 

2.95 

0.59 

0.63 

15.75 

16.73 

0.63 

0*63 

11.41 

12,20 

0.79 

0.87 

0.71 

0.79 

i.18 

1.26 

0.98 

1.06 

1.30 

1.42 

1.69 

1.85 

0.91 

0.91    , 

1.02 

1.02 

0*59 

0,59   1 

1.81 

IJI 

0.9G 

0.96 

2.56 

2.87 

1.31 

1.47 

1.4G 

1.46  ! 

GJ4 

6J4   i 

1.06 

1.18   1 

0.79 

0.87 

l.OD 

1.14 

L30 

1.42 

3L50 

33.47 

]  30.1-5a 

l*l«.177 

2.7i 

S.91  1 

4ft.l(»in. 

fiftSin,' 

11.26 

13.12   1 

3.23 

3J7 

3.86 

4.17 

QM 

1*04 

1. 10 

1.18 

18.    Tin*  Priiiee  FiirHteuUtr^'s  Macliliie  Works,  of  liiiineiiilhigeii  (Badi'ii). 

{With  illnstrations  uu  Supplem«nt-lMjite  VII,  and   Figs.  1 — 5,) 

The  Double  iricliiied-cyliMtler  Eogiue,  represented  iti  Figs.  1—5  (Supplemeiit-l*late  VII) 
working  on  to  one  crank  shaft,  is  adapted  to  driving  an  indepeudeut  machine  direct,  and  accordingly 
our  illustration  shews  a  6—8  horse-power  engine,  driving  a  Printing-iTiachine. 

The  cylinder  diameter  is  7*67  in.  (195  mm.)  and  the  stroke  :=  9*45  in.  (240  mm.).  The 
steam-pressure  is  taken  at  3 '4  i^tin.,  and  tlie  engine  cuts  off  at  %o**»5  stroke,  and  run«  at  90  re- 
Tolutions  per  minute.  The  two  engine-frames  are  of  I  section,  standing  4'13''  U^^  mm.)  high, 
l^rrith  ribs  of  047  in.  (12  mm.)  thickness.  Both  engines  are  worked  off  one  eccentric-disc,  so  that 
>ne  of  the  rods  is  hinged  on  to  the  disc,  as  clearly  shewn  in  Fig,  3  (Plate  VII).  Owing  to  the 
me-sidedness  of  the  advance  angle  (=  15^),  a  small  inaccuracy  occurs,  which  is  however  not 
leaded,  as  the  flywheel  (uf  242  lbs.  =  110  kg.  weight)  corrects  any  irregularities  in  the  engine- 
*ecL  The  eccentricity  =  1*18  in.  (30  mm.).  No  inner  lap  has  been  given;  outer  lap  ^^  0-35  in 
(9   mm.)  and  the  advauo©  (corresponding  with  the  dead-centre)  =^  0. 
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le  sectional  area  of  the  steam  admission  -  port  = 

exhaust-       „     ^= 


12-5 


of  the  cylinder  bore-area. 


Tlio  cranked  inain*ahaft  is  2*95  in.  (75  mm.)  at  its  bearings,  being  reduced  to  2*60  in, 
(6()  mm.)  diani.  at  the  connecting-rod  coupling.  At  one  end  of  the  main-shaft^  the  flywhwl 
(33'0J5  in,  =^840  ram.  diam.)  is  ke3^ed  on,  whilst  the  other  end,  carries  a  pinion  of  7'43  in.  (189  mm. j 
diani.  (3*54  in,  =  90  mm,  on  the  faoe,  and  1'65  in.  ^^  42  mm.  pitch)  which  gears  into  a  circttiar 
rack  of  3  ft  8  in.  (1125  mm.)  diam.;  this  rack  being  turned  on  its  rim,  adapts  iteelf  aa  b  strap- 
pulley,  when  so  required. 

The  locomotive  slide-bar  arrangenn^ut  ia  here  retained.  The  crosshead  pins  are  1*18  in, 
(30  mm.)  diam.  and  the  connecting  rod  diameters  =  1'30  in,  (33  mm.).  The  front  cylindcr-o<"ivtjr8 
are  provided  with  extra  metal  at  the  stofiing  boxes,  for  fixing  the  slide-bars,  which  are  seei 
at  their  other  extremities  by  cast  iron-straps,  bolted  to  the  engine  frame.  The  width  of  the  shi 
bar8^2*95iti.  (75  ram.),  and  their  thickness  in  centre  and  at  their  strengthened  ends  =  l"77in.  (45 mn 

The  engine-frames  are  connected   tt>getln  r,   and  the   whule   is  bolted  down  by  six  bolts 
1'18  in,  (30  mm.)  diam.  t<i  the  foundation. 


14.    Jost*pli  l^vaiis  iV  Sons,  (*f  WolveiiiumptinK 

Tlie  accompanying  wimdcut  Fig.  67  represents  a  14  horse-power  High-jircssure  Engine,  fitUtI 


'k 


^.«->.- 


with  Pickering's  high-speed  governor,  of  which  Fig.  ()J5  gives  an  enlarged  view.    The  form  of  tie 
bed  is  characteristic,  and  the  same  remark  applies  to  the  idea  of  using  the  crank-disc  as  govcttffJ 
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;d[riving  pulley,  and  to  working  the  feed  pum]*  from  a  counter^cnuik.  The  slipper  guide  is  cast 
^ith  the  bed,  and  the  cylinders  are  jacketed.  The  slide  valve  is  worked  by  a  separate  eccentric, 
arranged  to  cut-off  at  two  thirds  the  stroke.  The  piston  rtrd,  connecting  pins,  etc.  are  of  steel, 
[and  the  moving  parts  are  made  adjustable  to  take  up  wear.     They  are  made  in  the  following  sizes: 


NomiDal  Horae  Power       „        ..  j 

3 

4 

6 

Dianieter  of  t  "ylindftr          ,.  inclies' 

H 

H 

8 

Length      .^    Stroke              ..  iiicliesi 

10 

ri 

16 

Kevolutjoiis  per  Mimite 

144 

120 

90 

ft.  m. 

ft.  in. 

ft.  in* 

Diameter  of  Fly-Wheel      -. 

3     3 

4     0 

4     6 

Wiiight      ,,      ,,         „  approx.  cnts. 

4 

7 

10 

Diflmeter  .,     Shnft    ..         ..  iiioliesi 

n 

211 

S3 

ft.  in. 

\ 

ft.  in. 

ft.  in. 

Length  of  Shaft        ' 

3     0 

3     6 

4    0 

Dirtmeter  of  Stearii  l*ipe    ,.  inches' 

I 

n 

H 

Diameter  of  Kxbaiist   L'ipe     ifiche«| 

u 

H 

1     2^ 

10 


12 


14 


16 


20 


22 


^^r        In  designing  the  governor,  it  was  souf^ht 

loobtain  the  requisite  centripetal  force  andstiflness 

•withont  making  the  springs  too  heav}'.  It  consists 

in  the  peculiar  construction  of  the  spring,  aud  also 

in  the  shape  of  the  curve  given  it,  by  the  manner 

in  which  the  ends  and  middle  portion  are  secured, 

fio  as  to  keep  those  parts  at  all  times  parallel  with 

the  centre  of  motion*  By  this  arrangement,  stetl 

ban  be  used  so  thin,  that  all  liability  to  break,  or 

tendency,  to  **set,''  or  lose  its  elasticity,  is  dispensed 

^ith;  while,  by  using  two  or  more  strips  together, 

the  required  centripetal  force  is  secured.    The  ye- 

miliar  curve  obtained  by  this  arrangement  is  called 

a  double  cjrma,  by  the  use  of  whieli,  two  or  more 

fetrips,  firmly  secured  together,  %vill  work  freely, 

ivithout  any  tendency  to  buckle  or  interfere  with 

t^ch  others  action. 

►  As  may  be  seen  by  the  engi*aviiig,   the 

■1^8  of  the  springs  are  secured  to  flanges,  the  lower 
■f^hicb, — ^  resting  on  steel  washers,  and  having 
collar  to  prevent  its  rising,  —  is  capable  of  only 
rotatory  motion,  while  the  upper  one,  being  at 
berty  to  move  lengthwise  as  well  as  to  rotate, 

•eceives  its  rotatory  motion  from  the  lower  om\ 

trough  the  springs,  and  comnmnicates  any  lateral 
otion  due  to  the  varjnng  centrifugal  force  im- 
ediately    to  the  balanced  valve,    to  which   the 

Sovernor  is  firmly  secured  by  the  bracket,  a  part 

►f  which  forms  a  long  bearing  for  the  horizontal 

pindle,  which  communicates  motion  from  the  power  to  the  Governor  through  the  mitre   gearing. 
*hese  governors  have  an  arrangement  for  shutting  off"  the  steam  instantaneously  in  the  event  of  thr 

U'bliin  (1 -TolJJia  uftftu,  Sl<*iiiii-Engitifsi.  5 


Fig.  68. 
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governor  belt  failing.  The  arrangement  consists  of  a  jockey-pulley  carried  by  a  lever  arm,  so  thai 
it  rests  on  the  governor  belt,  a  breakage  of  the  belt  allowing  this  pulley  and  arm  to  fall^  an^ 
by  80  doing  disengaging  a  spring,  which  at  once  cloaes  the  throttle  valve* 

15.    West  &  Co.,  of  LoiiUou. 

The  80  called  ^'bor-enginea",  for  which  a  certain  demand  has  now  sprung  up,  arc  well 
adapted  to  direct  driving  purposes,  owing  to  the  uniformity  of  their  motion,  and  their  high  speeds.  To 
attain  this  evenness  of  running,  by  balancing  the  moving  parts »  these  engines  are  provided  with 
several  cylinders,  often  working  on  the  Wolff  or  Compound  principles.  The  West  Rotary  Engine, 
here  illustrated  in  Figs.  69—72  makes  an  exception  however  to  our  last  remark,  inasmuch  as  all 
the  six  cylinders  placed  side  by  side,  are  equal-sized  and  are  supplied  with  live  steam;  tiift 
valve  gear  in  each  ^f  the  cylinders,  may  be  looked  upon  as  consisting  of  a  slide  valve  moved  ky 
one  eccentric. 

The  engine  reels  on  a  bed-plate  carrj-ing  a  box-casting,  in  which  the  six  equal  cylinder*  in 
arranged  round  a  circle.  The  piston  A  of  each  cylinder,  which  is  made  as  light  as  possiblei 
a  conical  end-piece,  w^hieb  always  remains  in  contact  Avith  the  disc  B,  The  latter  is  mounted  M 
the  axle  J'\  the  one  end  I)  of  w^hich  is  ball-formed,  w^bilst  its  other  end,  runs  in  the  crank  ft 
keyed  to  the  main-shaft  II.  The  piston-pressure  is  partly  taken  up  by  the  ball-formed  piu  />,  and 
partly  by  the  rolling  acting  of  the  disc  B  on  to  the  turned  conical  surface  E  of  the  cover.  Thrc*' 
of  these  single  acting  pistons  are  constantly  at  w^ork,  so  producing  a  unilbrm  rotation  of  the  «h*fl 
IL     As  no  dead-centres  appear  in  this  construction,  no  fly-wheel  is  required. 

The  arrangement  of  the  valve*gear  may  be  seen  on  referring  to  Figs.  70 — 72.  Only  one 
eccentric  I  is  used  and  it  is  keyed  on  the  shaft  //.  It  is  surrounded  by  a  loose  ringj  rigidijr 
connected  to  an  outer  ring  K.  This  ring,  which  acts  as  a  slide-valve  on  each  of  the  st^xm- 
ports,  is  formed  by  two  angular  rings,  the  opposite  flanges  of  which  are  pressed  steam-tight 
either  against  the  steam-ports  or  against  the  cover,  by  the  steam-pressure  existing  in  the  steim- 
space  C\  The  Itve-steam  enters  at  L  into  this  space  C,  whilst  the  spent  steam  passes  out  thro«|:b 
the  chamber  M  into  the  inner  part  of  the  casing,  and  thence  on  to  the  exhaust  pipe  N,  The 
pistons  can  rotate  round  their  axis^  whereby  an  even  wear  of  their  disc-surfaces  is  ensured.  Fig*  74 
gives  us  an  insight  into  the  arrangement  of  the  steam-ports,  and  of  the  exhaust-parts  and  cr^i^ 
G,  whereby  the  cover  E^  disc  B,  and  piston  .4  are  presumed  to  have  been  removed*  Practice  ha* 
shewn  the  weak  part  of  this  construction  to  be  the  disc  B^  which  owing  to  the  pressure  of  th* 
pistons  on  to  its  surface,  has  been  broken.  These  six-cylinder  engines  are  built  in  the  foUoiriiif 
minimal-  and  maximabdimensions: 


ImycAteil  HP.  (pifittjii  speed    Kcvojutjons 

Extemml    diii- 

5  ft,;  cut-off  Vi  «trokc)       (pi«t«n-Bj>eeil  Cylinder  dm- 

lutfter  of  en- 

Weight in 

■lean.preMUTft 

•t««Ai'pm«ure 

h  ft.)                meter. 

gine. 

cwta. 

S  Atm. 

ft  aim. 

5Vs 

152 


*J  in, 
10  ill. 


11 
3  fi. 
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1(1,    Ilorizoiital  Engine-types. 

Under  this  heading,    we  propose  discuBsing  various  engine  constructions,    which  awJiV  *• 
the  repetition  of  many  of  their  characteristic  peculiarities,  are  best  treated  iinder  one  aeotufo^ 


Fig.  71, 

they  shouW  both  serve  as  a  support  to  the  various  engiue-parts,  and  combine  solidity,  and  be  rigidly 
ed  on  their  foundation;  for  this  reason,  the  most  solid  frame  construction,  recommending  itself 
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in  particular  to  the  larger  engine-sizes »  is  the  one^  in  which  the  bed  is  allowed  to  rest  with  iti 
entire  base^  on  the  luasonr}^  foundation. 

In  the  small  engines,  known  as  of  the  exporting  or  commercial  types,  and  in  whioh  pri- 
niary  inijiortance  is  paid  to  reJueing  the  number  of  engine  parts  as  much  as  possible^  the  carrying 
out  of  this  forementioned  consideration,  has  led  to  a  modification  of  the  old  box-pattera 
bed,  under  due  regard  to  aesthetic  forms.  Thus  it  has  happened,  that  the  trunk-  or  girder-frann^ 
which  was  first  introduced  on  Corliss-engines,  vapidl}'  found  an  increasing  application  on  engiae- 
types  to  which  it  appeared  less  adapted.  Home  Engineers,  have  with  a  lavish  expendituie  of 
metal  added  the  semi-trunk  to  the  box-bed,  without  obtaining  any  perceptible  advantage,  for 
not  only  is  much  metal  so  lost  in  their  box-beds  —  answering  no  purpose  —  but  many  of  their 
horizontal  engine  types  still  require  separate  stone-foundation,  wheel-race,  and  extra  outside 
pedestal  support,  whereas  this  extra  labour  and  cost  of  material  are  not  incurred  in  our  best 
engine-building  practice. 

We  will  begin  tliis  section  with  a  few  examples  taken  from  the  practice  of  some  of  thoid 
Engineers,  who  show  the  so-called  box-]>attern.     Beginning  with  the  firm  of: 


I 


ji,  W-  Tusker  &  Sous,  of  AndoTcr. 
The  horizontal  engines  (built  in  9  sizes  from  4—20  JIR)  of  this  Firm,  show*)  the  flit 
box-pattern  bed.  The  cylinder  and  crank  shaft  pedestals  are  bolted  to  the  latter,  which  alio 
carries  the  slide-bar  end.  The  main-shaft  is  cranked,  and  the  feed-pump  is  driven  off  an  eccentric 
from  this  shaft,  which  is  made  of  sufficient  length  to  take  a  pnlley  on  either  side.  Theae  engioet 
are  controlled  by  a  Watt's  governor,  driven  by  strap-  and  bevebgear.  It  is  a  pity,  that  the  con- 
structive  refinements,  such  as  they  present  themselves  in  more  modern  engine-tyi)es,  have  not  b^ea 
regarded  in  the  design  now  under  discussion,  or  else  we  should  find  the  eastings  mneh  reduct^rf 
in  number,  and  the  working  centres  more  immutably  connected  together. 

b.    Joliu  }hw  lH>wall  &  Sons,  of  ♦lohnstone,  near  Wlassow. 

These  Saw-mill  Engineers,  have  made  a  simple  slide-valve  horizontal  liigh-]»ressunj  enfiii^, 
the  general  design  of  which  seems  neatly  proportioned.  The  flat  box-frame  is  used,  and  is  ho]Ui 
to  the  foundation  by  eight  bolts.  The  cylinder  is  bolted  to  this  bed,  and  has  the  feed-pump  i'^-^^- 
outfiide  it,  on  the  opposite  side  of  the  valve-box.  Thi.s  pump,  placed  horizontally,  is  driven  "^ 
the  motion-block.  The  motion-bars  are  bolted  to  the  engine  frame  on  separate  end-supports 
The  on©  crank-pedestal  used,  is  made  on  the  improved  angle  principle,  which  allows  th^ 
solid  part  of  the  block  to  receive  the  thrust  at  each  centre.  The  flywheel  is  maHsivo,  an<l  tL- 
Watt't*  governor  ia  used  to  control  the  engine-.speed.  These  engines  are  built  in  ten  «Hfr«Tti' 
^izeg  ranging  from  4  — 5H  horse-power. 

e.  ilias.  Burrell  &  Sons^  8t.  Nicholas  Works,  Thetford. 
These  Engineers,  recognising  that  the  feed-pump  when  worked  at  high-speeda  oft'  the  «W^ 
block  is  apt  to  jar  and  knock  with  each  successive  stroke,  and  that  the  retention  of  many  cast4isf» 
in  engiiie-building  entails  extra  work  and  expense,  have  abandoned  this  arrangement.  They  olwerTf 
that  this  type  of  engine,  manufactured  some  25  years  ago,  although  giving  great  aatisfactioo  »^ 
that  time,  is  now  quite  out  of  all  modern  practice.   Consequently  they  are  now  making  Horixontil 

•)  Vide  thrip  C«t«]iigiie  No.  76.  —  •*(   Vide  their  Cttrtlogue  d    1876, 
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£n^Des  of  a  type  in  which  the  bed-plate^  crank  ahaft-beariiigi  front  cylinder  cover,  and  guiile- 
bars,  are  all  in  one  casting,  with  the  cylinder  overhung.  The  governora  are  high  speeded,  and 
the  engines  have  disc  cranks  and  are  made  from  6  IIP.  to  25  HP,  singly  or  up  to  50  HP.  if 
coupled  in  pairs* 

The  hearings  and  wearing  surfaces  are  very  large;  the  guide-blooks  are  adjustable.  The 
ecoentric-bands  are  of  cast-iron  with  wide  surfaces.  The  force  pumps  are  of  short  stroke,  and 
are  drawn  by  a  separate  eccentric,  and  all  pump  valves  are  of  large  diameter,  and  low  lift,  and 
with  spiral  wings,  so  that  they  revolve  partially  with  every  stroke  of  the  pump*  The  connecting- 
rod  has  solid  small  end  with  brass  adjustable  by  a  wedge,  and  lock  nuts,  and  at  its  large  end 
Las  a  square  brass,  with  let-in  solid  wrought  iron  head,  such  as  is  adopted  by  many  loading 
i  locomotive  builders. 

d.    The  Goiieral  Engine  &  Balier  Co.,  of  London, 

If  the   horizontal    engine-type    designed   by   this  Company,   as   shewn   by   our  Fig.  73  is 

ique  in  design,  it  shares  the  advantage  of  simplicity  and  forms  an  ever  rigid  unyielding  support 

the  various  moving  parts  of  the  engine.    This  last-mentioned  advantage  is  gained  by  the  strong 
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rig.  73. 

rectangular  engine  frame  adopted,  and  in  this  t^xample  we  find  again  the  front  cylinder-cover,  the 
slipper-guides  and  the  main -shaft  bearings,  comprised  in  one  casting,  which  casting  is  however 
bolted  to  cast-iron  legs,  Tiiese  standards  are  recommended,  for  raising  the  engine,  to  avoid  the 
'  necessity^  of  a  Hy-wheel  race.  The  distribution  of  the  steam  is  eftected  by  a  oylmdrical  piston 
alide-valve. 

An  additional  peculiarity  in  this  engine,  is  the  employment  of  two  fly-wheels;  by  counter- 
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weigliting  these  two  wheels,  the  reciprocating  parts  are  carefallj  balanced,  and  the  engiue  is 
thereby  adapted  to  high-speeds.  The  cylinders  are  steam-jacketed,  and  are  neatly  cased  to  pre?f.ni 
heat-radiation.  To  these  engines,  the  commercial  name  of  ^'Express-engines'*  has  been  given,  aiul 
they  are  recommended  by  the  makers  for  use,  when  from  2 — 20  horse-powers  are  required.  In  the 
following  table  of  dimensions,  the  nominal  horse-power  is  taken  to  be  such  that  the  engines  exert 
about  the  same  actual  power,  as  ordinary  engines.  The  indicated  horse-power  is  calculated  with 
steam  of  50  lbs.  pressure  and  cut-off  at  about  half-stroke. 


NoiMJniil   Huffce-power  .. 
Indicated       „ 
Diameter  of  cylinder    .. 
Length       ,»  stroke 
Revo1utiuri8  p^r  minute 
Din  met  or  of  Main-shaft 
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e.    Alexander  &  Sans,  £iigliieer<;^  late  of  Cireneesten 

(With  illofitrations  on  Supplement-Plate  1,  Fig8.  1  and  2.) 

A  simple  Slide-valve  geared  engine  made  hy  this  Firm,  is  shewn  on  Suppleinent^Plate  I 
(Figs.  1  and  2).  The  advantage  of  this  construction,  consists  in  the  direct  connection  of  the  steanh 
cylinder,  with  the  crank-shaft  bearings,  though  to  our  mind,  the  shortening  of  the  engine*trTiiik 
would  besides  saving  metal,  improve  the  external  appearance  of  the  engine.  The  slides  are  bn^ 
concentric  to  the  cylinder,  and  somewhat  peculiar  is  the  arrangement  of  the  feed-pump,  whicli  is 
shewn  cast  in  one  with  the  engine-bed,  and  worked  off  the  same  eccentric  as  the  slide-valve* 


t\    Taylor  &  ihalleiu  of  Biriiiinp;hanu 

(With  illuBtraiionF  on  Snpplenietit-Piatc  1,  Figi>.  h  and  6,) 

The  defect  of  the  last-mentioned  example,  has  been  pronounced  to  lie  in  the  bending  Uit 
dency  of  the  girder-frame,  whicli  is  apt  to  occur,  owing  to  the  pressure  of  the  motion-block  upoo  it 
This  induced  Messrs.  Taylor  i^  Challen  of  Birmingham*  to  place  an  intermediate  support  for  tk 
frame  as  shewn  in  Figs.  5  and  6  (Supplement-Plate  I),  Practice  has  probably  shewn  this  sappo«i*^i 
defect  to  be  merely  imaginary,  where  the  trunk  is  made  sufficiently  strong,  to  resist  such  beniuif 
strains,  for  in  the  latest  types  we  do  not  find  thig  iutennediate  frame  support  invariably  rt- 
introduced.  Certain  it  is,  that  Messrs.  Taylor  t^  Challen  have  somewhat  abandoned  the  iut*T 
mediate  support,  yet  recognising  as  several  other  Engineers  have  done,  that  the  bolted  overhan^^iM 
cylinder  presented  objectionable  strain  on  the  trunk  and  cylinder-joint,  they  have  placed  tbc  n- 
linder-support  further  back,  under  the  cylinder  centre.  The  embodiment  of  this  their  latest  pnf* 
tice  is  shewn  in  Figs.  74  and  75  giving  elevation  and  plan  of  one  of  their  horizontaWngioaAr 
but  as  this  engine  works  with  a  separate  expansion-valve,  we  will  merely  new  draw  attenlit* 
to  the  altered  engine-frame,  and  confine  our  present  description  to  the  engine  shewn  on  Supple 
raent-PIate  I.  The  cylinder  is  made  of  hard  strong  close  grained  metal,  and  the  cro«s-bf«J 
and  crank-pin  bushes  are  adjustable.  The  governor  is  driven  by  bevel-gear  straight  off  tfa^ 
crank-shaft,  and  is  of  a  high-speed  sensitive  class;  it  can  be  set  to  work  at  different  tpeei'* 
and  it  operates  on  an  equilibrium  valve.     The  piston   is  fitted    with   metallic   packing   adjuitiklf 
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hy  springs.     The    guide    is   circular,   and  is  bored  exactly   in  line  with  the  cylinder.     These  en- 
iaes  are  fixed  to  their  foundation   by   six  hold-down  bolts,   and  they  are  made  to  the  following 

Fig.  71. 


I 
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dimensions: 


Fig.  75. 


I      Nominal  horae-power 
Diajneter  of  cjliuder  in  tnohn                              .         .. 
Leogtl]      „  itroke       „      , 
Revolutions  per  minute 
Diameter  of  fly-wheel  ro  ft 
Widtb       ,,      ^,       „       ,,    incbeA 
Weight    „     „       „       ,,    cwts. 
Diameter  of  erankniliart  m  inches     .. 
Length      ,.         .,         ,^     .,     feet         
From  centre  of  shaft  to  back  of  cyliader  in  fl.  and  in 
Height  to  cetitre  in  inchet 
Approximate  total  weight  in  cwU,  ^ 
Ki< 
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g,    W.  N.  Nlohoti^oii  &  Son,  of  Newark  on  Trent. 


Nicholson  &  Son's  so-called  Universal  Horizontal  Engine,  as  illustrated  in  Fig.  76,  has  the  cy- 
linder,  steam  chest,  and  slide  bare,  fonne(^in  one  casting,  the  cylinder  and  slide-bars  being  bored 
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out  hQK  setting  to  secure  perfect  alignment.  To  tlie  end  of  the  slide-bars,  is  bolted  a  l"-sbap^ 
caetuig  carrying  the  crank-shaft  pedestals  which  are  of  aogular  pattern;  the  lower  part  of 
casting  is  formed  with  feet  for  bolting  down  to  a  feed-water  tank,  which  is  the  only  foandatifll 
required.  The  cylinder  overhangs  the  end  of  the  tank,  and  is  supported  only  at  the  front  end 
a  bracket  cast  with  the  tank,  so  avoiding  any  injurious  straioi  from  unequal  expansion.  The 
valve  is  provided  with  slotted  reversing  disc.  The  governor  is  of  the  high-speed  type  acting  direct  upon 
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Fig.  76. 

an  equilibrium  valve,  with  adjustment  for  varying  the  speed  of  the  engine.  Feed-pump  is  fitted  with 
over-flow  cock,  suction-delivery  and  back-pressure  valve,  and  beating  pipe  paaseia  a  portion  of  tie 
exhaust  steam  into  the  feed-water.  The  crank-shaft  passes  through,  to  enable  power  to  be  take 
off  either  side. 

The  same  pattern  of  Engine  when  mountetl  un  a  Boiler,  forms  a  Portable  Eogine; 
this  purpose,  a  flat  topped  saddle-bracket  is  attached  to  the  Boiler,  to  carry  the  r-shapfJ 
easting  with  crank-shaft  pedestals,  whilst  the  cylinder  rests  on  a  guide  on  the  fire-box  lop  to 
allow  for  expansion,  and  cuntraction. 


k    Roboy  &  Co.,  of  Lincoln- 

A  similarly  designed  engine  frame  to  the  one  we  noticed  in  Gibbon's  engine  —  8ee  pg.  H« 
—  is  reproduced   in  our  Fig,  77,   representing  the  horizontal   engine-type   made   bv  Rober  & 
of  Lincoln,   though  the  cylinder   is  here  supported  in  a  more  efficient  manner.      Our  woodcnl  d- 
plains  itself,  so  that  we  pass  on  to : 
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L    Tlie  Keadiiiji;  Ironworks^  Liiii.  Reading. 

In  the  construction  of  their  horizontal  "Reading-engine  Class",  (mado  in  5  sizes  answering 
to  6,  8,  10,  12  and  Ki  nominal  horae-power),  these  Engineers  cast  the  bed-plate  and  main  crank- 
shaft hearing  in  one  piece.  The  cylinder  aft  in  the  preceding  examples  is  carried  on  a  foot. 
The  front  cylinder  cover  and  gland  are  formed  in  the  bed*plate  casting,  as  well  as  the  guide 
hare.     The  guides  of  the  cross-head    virtually  form  four  bars  of  equal    width,  and  the    cross-head 
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Fig.  77. 

shoes    are   capable    of  adjustment,    so   as  to   keep   the  piston-rod    in    line,  whichever    way     the 

engine  runs.     The  bottom  shoe    is  furnished  with  a  catch-oil  receptacle. 
I  Characteristic,  and  in  fact  laudable  is  the   feed-pump  arrangement,   the  plunger  of  which 

is   worked   by   a   continuation    fd'   the  slide-valve  rod  through   a  stuffing  box    in  the  end   of    the 

valve  chest.  Care  is  thereby  taken  to  make  the  one  eccentric  rod  specially  strong  to  carry 
[the  extra  work.  The  eccentric  and  strap  are  of  cast-iron,  and  the  Porter  governor  controls 
I  the  throttle  valve  through  the  medium  of  a  couple  of  segment  wheels,  one  of  which  is  ad* 
justable  on  its  axis. 


j;   A*  F.  Brown^  of  New-Tort. 

(With  iUastrations  on  Suppleraeui-Plate  V    Figs.  5—7.) 

An  additional  example  of  an  horizontal  engine  fitted  with  girder  frame  is  afforded  by  A. 
fT,  Brown  of  New-York,  for  a  description  of  which  we  are  indebted  to  ProL  Radinger*s  german  report 
on  the  Philadelphia  Centennial  Exhibition.     We  illustrate  it  on  Supplement-Plate  V,  Figs*  5 — 7, 
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whence  it  will  be  seen  that  a  very  Him])le  appearance  is  given  to  the  engine  by  the  wide  tmnl^i 
frame  hiding  the  valve-rods  etc.  The  elides  of  the  cross-head  are  trapezoidal  in  form,  and  nia4^| 
adjustable  by  wedges.  The  cast-iron  crank  ie  brought  close  up  to  its  bearing »  the  originality  af 
which  is  seen  on  referring  to  Pig.  5  (Plate  V),  The  eccentric  is  arranged  to  lift  out,  and  by 
means  of  a  lay-shaft,  the  motion  of  tliis  eccentric  is  brought  closer  to  the  cylinder-  The  long: 
valve-cheat  has  a  divided  slide  inside.  This  35  IIP  engine  had  a  cylinder  12  in.  (305  mm.)  in 
diam.  and  a  stroke  of  2  ft  (610  mm.)  and  running  at  84  revolutions  per  miii.  the  mean  piston- 
speed  calculates  itself  at  5  ft.  7  in.  (1*71  m.)  per  second.  The  steam  supply  and  exhaust  pipes, 
are  respectively  2Va  in.  (t>5  mm.)  and  3^,g  in,  (80  mm.)  in  bore,  or  stand  in  the  proportion  «>t 
y^^n^^  and  Vi6^^  ^^  t^^  cylinder  cross-area*  These  proportions  are  scarcely  large  enough,  because 
the  mean- velocity  of  the  live  steam  on  entering  the  cylinder  exceeds  121^3  ft.  (37  m.).  | 


In  the  following  engine-types,    the  arrangement  of  vertically  opposite  slides  placed  in  » 
cylindrical  casing  arranged  on  flat  bed-plates  have  been  ingeniously  devised. 

k.    Marshall,  Sons  &  Co.,  of  Oaiiisborough. 
The  engine  illustrated  and  described  on  pg.  1.34  of  our  second  Volume  is  a  good  example 
of  this  practice,    so  that  we  take  this  opportunity   of  referring  the  reader  thereto.      Alone  as  the 
engine-type  there  represented  is  fitted  with  patent  automatic  expansion-gear,   we  take  thig  oppor- 
tunity ol  illustrating  in  i'ig,  78  its  arrangement  as  a  simple  slide-valve  geared  engine.     We  um  _ 


I 
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Fig.  78. 


observe  that  the  present  design  is  a  modification  of  an  older  design  with  box-bed  pattern  toi 
inside  crank.  The  cylinder  is  cast  separate  with  an  inner  lining  of  verj'  liard  raetal«  whick 
ipraultaneously  forms  the  steam-jacket.  The  slide-  and  piston-rod  are  of  steel,  and  the  Bli|p'^ 
block  is  made  adjustable.  The  difference  between  this  engine  and  the  one  previously  lUustrAicu 
in  Fig.  I*i3  (Vtd.  II)  lies  in  the  governor,  and  in  the  addition  of  an  adjustable  eccentric  hi 
obtaining  variable  expansion. 
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These  engines  are  built  in  tlie  four  following  sizes: 


Horse- power        

Cylinder  diameter  in  incliea 
Stroke  m  inelies ., 
Hevolutioiiii  per  niiiiiit« 
Diameter  of  fly-wJun;!  in  ft.  mid   in. 
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125 
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93 

ft.  7  In, 

5  ft.  2  in 

5  ft.  8  in. 

6  ft. 

L    Meeker  Brotliers  &  Co.,  of  CaiiiiHtadt  (Wiirtteuilierg). 

This  Engineering  Firm  constructs  the  horizontal  engine,  slirwn  in  n\ir  Fig.  79,  in  one  size, 
answering  to  a  cylinder  bore  of  4*72  in.  (120  inin.;  and  a  strokt^  of  l-Hl  in.  cIOO  mm ).  The  engine 
runs  at  180  revolutions  per  niin.,  so  tliruwing  ufl*  a  mean  piston-speed  of  3  ft  11  iii.(r2ni.)  per  see. 
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Fig.  79. 

Its  normal  power^  when  working  at  6  pressure  over  atm.  in  the  boiler,  amounts  to  5  HP.  The  standing 
room  required  for  the  engine  fincL  ily-wheel)  is  5  ft.  7  in,  (1700  mm.)  in  length  and  2  ft.  \l  in. 
(850  mra.)  in  breadth,  and  its  approximate  weight  comes  to  V2  ^^^  (^**0  kg.).  Owing  to  its  solid 
design,  greater  powers  can  be  obtained  off  these  engines  with  higher  steani-pressurea;  thus,  working 
at  7*4  ^^^^^-  pressure  in  tlie  valve-chest,  (oorresponding  to  8  atm.  in  the  boiler)  and  cuttiug*ofl'  at 
"^/j^iiis  stroke,  the  engine  would  devtdop  8  IIP.  A  working  pressure  of  3*  .^  pressure  over  atm. 
in  the  valve-chest,  yields  an  engine-power  f»f  3  IIP, 


m.    T,  Maude,  lute  of  the  Lantidowii  Engine  Works,  Oldham. 

(With  ilhistrjitiona  on  Suppleiiietit-Fliilt'    l^  Fi|;s.  3  ami  4.) 

Somewhat  lighter  in  construction,  than  the  preceding  two  examples,  is  the  liorizonta! 
engine  made  by  T.  Maude,  and  illustrated  by  us  on  Supplement-Plate  I,  Figs.  3  and  4.  Tlie 
slides  of  the  motion-bars  are  flat,  and  the  two  crank-pedestals  arc  on  tlie  angle  principle,  the 
bed  itself  being  fastened  down  by  f>  hfdd-down  bolts. 

The  foUowing  table  gives  the  cylinder  diameter  and  stroke  of  this  engine-type  in  the  nine 
different  sizes  to  which  it  was  built: 


IIorsc-pQWer 

Cylinder  diam    in  inches 

8troke  in  inihes 
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11.    Tlie  MasehiiicE-  and  Wags^on-Fabriks  tirsellseliart  (formerly  H,  D.  Sehuild). 

df  Siiiiinering,  near  Vienna. 

(With  ilhirJtraliQiL^  on  Suj}|iloment-Pifttc  V,  Figs.  1—4.) 

BoiTowing  our  illustrationg  on  Siiiiplement-Plate  V,  Figs.  1 — 4,  from  "Riedler^s  Maschinen- 
skizzen",  representing  the  Horizontal  engine-t^'^ie  made  by  this  Compan}^,  the  specially  solid  bed- 
plate, resting  with  two  broad  surfaces  on  the  foundation,  is  particularly  attractive.  Towards  the 
cylinder-end,  the  bed  is  raised,  to  take  tip  the  overhanging  cylinder,  and  to  case  the  slipper-guidei. 
The  other  end  of  the  bed  has  the  two  pedestals  cast  on.  An  eccentric  is  keyed  on  each  side  of 
the  crank,  resulting  in  a  symmetrical  arrangement  of  the  design,  as  the  slide  valve  in  thereby 
worked  on  the  one  eylimicr-side,  whilst  feed  pomp  is  worked  on  the  other  side,  Thia  engine  has 
a  cylinder  diameter  of  irb  in.  (166  mm.)  and  a  stroke  of  l'2'60  in.  (320  mm.);  as  its  revolutions 
per  minute  =  85,  the  slow  average  piston  speed  of  2  ft.  11  in.  (O-UO  m.)  per  second  results.  Cutting 
ofl*  at  y^  stroke  and  working  at  5  atni.  steam-pressure,  the  engine  is  stated  to  develop  4  IIP, 

0,    Boakrn^  Parker  &  To.,  of  Sal  ford.  

(With  tlltiatrftlions  on  Htippleraent-Pliite  I,  Figs.  1  and  8 J 

As  in  one-direction  running  engines,  the  vertical  pressure  of  the  slide*block  exerts  itself  oi 
in  one  direction,  the  double  slide-bar  arrangement  is  not  absolutely    needed    in  such  construcH 
examples,    and  one    slide-bar   or    slipper-gnide   is    found    ample,    provided    the    sliding    surface 
are   made   sufficiently  large  and    strong.       Messrs,    Deakin,    Parker   &    Co.,  of   Salford,   use  tliis 
slipper-arraugement  as  shewn  on  Supplement-Plate  I,  Figs.  7  and  8,   and  fix  it  in  the  lower  jw] 
tion  of  the  IT  bed-frame  cast  with  the  craiik-shaft  pedestals.    The  cylinder  is  of  the  overhangii 
type. 

ji.    J.  K*>rjlsi»  of  Andrltz,  near  (iratz. 

(Willi  iUuatrttUonB  on  SMpplement-ri«t<'  V,  Frgs.  8  anil  9.) 

Our  illustrations  on  Supplement-Plate  V,  Figs.  8 — 9,  of  Mr.  Korfisi's  engine-type  are  tski 
from  Iliedler*s  Maschinenskizzen.  The  bed-plate  extends  under  the  full  length  of  the  engine,  i: 
is  so  designed  as  to  allow  itself  to  be  bolted  to  the  portable  boiler-types.  The  cylinde?  borr  = 
4  63  in.  (211  mm.)  and  stroke  =  12*44  in*  {Z\G  mm.).  The  crank  makes  85  revs,  per  inin.  «o 
yielding  a  piston-speed  of  2  ft  11  in.  (0*89  m.)  per  sec.  Between  the  two  crank-pedestals,  « 
have  an  eccentric  of  1*30  in.  (33  mm.)  eccentricity  for  driving  the  slide-valve  on  the  oae  tick 
whilst  on  the  opposite  side,  a  second  eccentric  works  the  feed-pump  of  3*15  in.  (80  mm.)  atrttfcit 
which  is  bolted  to  the  engine  bed.  The  diameter  and  face  of  the  fly*wheel,  adapted  to  belt-drivtnf, 
are  respectively  3  ft.  G  in.  and  7*87  in,  (10(55  ami  200  mm.}. 


1 


q.    W.  H.  Uhland,  of  Leipzig. 

(With  UluatrniioiiB  on  Siip|)leiiieut-?Uite  II,  Figs,  6— S.) 

Some  years  ago,  Mr.  W.  H,  Uhland  designed  an  engine  type,  which  we  represent  ou  Sup- 
plement-Plate II,  in  Figs,  6 — 8.       It  was  intended  to  adapt  itself  to  small  portable  Elngim*^  aai 
boiler-arrangements.      Its  boiler  stood  on  the  engine-bed  plate  A,     The  prolonged   piston  nA 
multaneously  answers  as  pump-piston ,    and  therefore    the  stuffing  box  of  the  feed-pump  serro 
motion  guide  to  the  steam  piston.      The  pistun-rod  has  consequently  tlie  fork-form  over  it^  entii 
length*     A  feed  water  heater  is  placed  under  the  engine,   which  consists  of  a  cast-iron  caaing^  in 
which  two  copper  pipes  allow  the  feed-water  tu  circulate. 
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r.    Cliiiadr**.  of  Tarls. 
The  motion  guide  arrangement,  adupteil  by  Jlr.  Cliandr^,  of  Paris,  and  represented  in  tbe 


'^~^^ 


Fig.  80. 

Tiumexed  Fig.  80,  adapts  itself  to  small  steanMnotors.     It  conaists  of  a  rectangiilur  sli^le-bar  upon 
1  the  four  loiigituJiiial  surfaoeg   of  which,    the  luotion-hlock  slides.      This  luution    bar   is  supported 
in  a  verj'   ungainly  manner. 

8.   U*  FlHud,  of  Parli^. 

(With  I'lliiJitrftiionfl  on  Supplement- PI •(«  Vtl,  Ftgs.  Cf^ia.) 

The  Twi>cylinder  High-speed  Engine  of  Mr.  H,  Plaiid,  of  Paris,   is  ahewn   in  Figs,  6—13 
[  (Supplenient*Plate  VII).      Running  at  150  revolutions   per  minute  it  develops  30  ///*,   ajid    is  beat 
suited    to  driving   fans,    pumps  etc.      Each  cylinder   is  &'84  in.   (250  mm*)  in  diam.   and    1023  in. 
[(260  mm,}  in  stroke. 

The  governor   is  fitted  up  horizontally,   and  is  driven   by  belting.     The  governor  spindle 

tins  a  spiral-spring  coiled  roimd  it,  which  with  one  end  presses  against  a  rigid  collar,    whilst  its 

<ilfcer  end  lies  against  i\u!  governor  sleeve,   so  as  to  counteract  in  this  manner  the  weight  of  the 

balls*     This  horizontal  arrangement  is  preferable  to  the  vertical  governor,  inasmuch  aa  the  vibra- 

B  tions,  presenting  themselves  in  upright  spindles,  are  thereby  avoided.    The  governor  works  on  in  a 

B  circular  valve  (detailed  in  Figs.  11  and  I '2),  tit  ted  in  the  steam-pipe  K     The  steam  exhaust  pipe 

Hi^hewn  at  F.  *) 

Heonn 
f  enab 


n.    Vertical  Engine-types. 


Vertical  Engine-types  share  the  advantage  over  horiztuital  arrangements,  that  the  frame, 
[eonnecting  the  cylinder  with  the  crank-bearings,  can  be  placed  on  one  bed-plato,  whoso  position 
(enables  it  to  receive  the  various  strains  thrown  direct  on  to  it;  in  addition,  the  unovcn  wear  of 
the  cylinder,  due  to  bending  of  the  piston-rod,  or  to  the  weight  of  the  piston,  does  not  take  place 
itr  engines  of  the  vertical  type.    These  two  reasons,  impeded  the  more  general  introduction  of  the 

*)  Another  novel  fonn  «>f  rToH/oiifAl  Engine  in  Mesmrs.  Alex.  Sbnnks  &  Sim'*  »o  caUetf  *'Angliftii  Kngiin*",  for  bu 
i|««erfption  of  whitih,  I  he  rentier  i?*  referrc*!  to  "Iron"  bune^  il.  S  Jiilj  ISSI,  pg,  4n* 
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horizontal  arrangement,  until  tlu;  using  of  solid  bed-plates,  rendered  a  bending  of  the  lattw 
an  impossibility,  whiUt  more  careful  construction  and  fitting  up  —  if  they  have  not 
entirely  removed  tlie  one-sided  wear  of  the  stuffing  glands  and  cylinders,  —  have  still  reduces! 
wear  to  such  limits,  that  no  opposition  can  now  be  shewn  to  the  horizontal  types,  especially  for  large 
engines.      On  the  cuntran^,   we  must  shew  preference   to  the  horizontal  arrangements,    bee^iuse  on 

account  of  their  easier  fitting  np  and  attending  to, 
including  their  smaUer  prime  cost,  they  excel  the 
vertical  types, 

The  cylinder  may  either  be  placed  ot<^r 
or  under  the  crank* shaft  in  vertical  engine 
though  according  to  modern  practice,  the  first 
named  course  is  generally  resorted  to  in  the  largf r 
sizes.  The  small  vertical  motors^  which  we  shall 
discuss  here  under  one  section  as  we  did  with  th^ 
horizontal  types,  are  mostly  so  connected  with 
tlie  boiler,  that  though  both  separate,  they 
nevertheless  stand  on  one  bed-plate.  Preferemv 
is  shewn  to  this  plan,  on  account  of  avnidiDj; 
extra  strains  being  thrown  on  to  the  boiler  shell 
already  heavily  taxed,  so  preventing  the  boiler- 
plates to  expand  or  contract  according  to  the  tco- 
dency  of  their  variable  temperatures.  We  will 
explain  our  meaning,  by  beginning  with: 


n 


I'll 


ji 


ii, 


■^^  V  t  V  C  t  i- 


I^K 


i 


a.    B.  Garrett  &  To-*  of  JTaidstonf, 

In  the  annexed  Fig,  81 ,    wm^  represeDt  m^ 
Combined  vertical  engine   and   boiler  arrangtinfiitt 
of  Messrs,  B.  Garrett  &  Co.,    of  Maidstone.     TV 
boiler    is   mounted  on    a   strong    iron    foundation 
plate,  which  is  chambered    for  ash-pan  and  watci* 
tank,    and  so  simultaneously   dispenses   with  Ik* 
requirement    of  njasonr}'-  foundation.     Thi«  is  pt 
bably  the    main    advantage    shewn     by  this    oon*" 
structive    arrangement,    but   we    cauuot   coiunnai 
the   engine  -  portion    as   worthy    of    imitatioa  (^ 
various   reasons*      In   the   first    instance   the  oU 
method    of  making    the    boiler    shell   answer  d* 
purpose   of  engine-frame,  has  been  here  retail*^ 
whilst    Bo  many    engineers    have     discarded   tb 
similar  practice,  for  reasons  that  it  was  not  only  putting  extra  duty  on  the  boiler,  but  the  uiie^a*^ 
expansion  and  contraction  of  the  boiler-shell,  renders  it  not  at  all  suited  to  forming  the  fouiida*» 
plate  of  an  engine,  where  so  much  depends  on  keeping  all  the  working  centres  at  the  one  origin' 
distance  apart>     A  second  defect  we  find  with  this  engine-design,  as  gauged  by  modern  prarti*, 
is  the  independent  connection  existing  between   cylinder,    slide-bar  legs-  and  crank-shaft  pedsiii 


Fig.  bl. 
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The  importance  of  combining  these  three  centres  into  a  perfectly  rif^id  oonnection  has  been  fully 
recogtiised^  yet  in  this  design  no  prmision  beyond  bolting  js  introduced  to  secure  Hds  object;  ft>r, 
the  cylinder,  the  slide-bar  lege  and  the  crank-pedestals  are  each  independently  bolted  to  the 
hoiler-shelh  Apart  from  the  difficulty  of  fitting  up  this  arrangement  at  the  outset  with  the  re<|uired 
degree  of  accuracy,  the  ever  recurring  strains  thrown  on  these  centres  must  soon  make  themselves 
felt  in  inoreasing  wear  and  tear,  which  evil  can  only  be  increased  as  we  stated  before,  by 
the  additional  expansion  and  contraction  of  the  boiler-shell,  to  which  these  centres  are  fixed.  Wc 
fear  for  these  reasons ,  that  no  amount  of  good  and  careful  workmanship  as  exercised  by  the 
forementioned  Firm,  can  possibly  compensate  for  the  injurious  eifects  attaching  to  this  design. 


Burrows  &  Stewarts,  of  BsiiiliEry, 

A  somewhat  similar  arrangement  to  the  preceding,  is  the  combined  Engine  and  Boiler 
design  adopted  by  Barrows  it  Stewart.  The  engine  frame  is  J  formed,  and  this  frame  is  cast 
w^ilh  the  slipper  slide  and  with  one  of  the  crank-shaft  pedestals*  The  overhead  inverted  cylinder 
in  bolted  to  the  vertical  upright,  which  in  its  turn  is  bolted  to  the  boiler.  Though  this  separate 
mounting  recommends  itself  more  than  the  preceding  example,  still  the  working  parts,  w^ould  be 
considerably  reduced  in  number,  were  the  cylinder  with  its  chest,  as  well  as  the  vertical  governor 

,  stand,   and  second  crank-shaft  pedestal,   cast  in  one  piece  with   the  frame,   instead    of  separately. 

[The  retention  of  these  constructive  principles,  which  a  more  enlightened  modern  i>ractice  is  now 
Biipplanting,  is  not  commendable.  Watt's  governor  is  used,  and  it  is  driven  direct  by  bevel  gearing 
off  the  crank-shaft  The  engine- frame  is  bolted  to  the  boiler-stand,  wliich  does  not  form  a  water- 
tank,  and  as  the  flywheel  is  not  kept  sufficiently  high  off  the  ground,  a  wheel  race  is  required. 

e.    Reading  Iroii-wark^^,  of  Reading. 

(With  iUustrtitiuiis  on  Sii[rpltnieiit-r!Bte  VIII,  Figs.  1  imuI  2.) 

The  so-called  ^-frame  pattern  engine  of  these  Works,  has  now  been  several  years  before 
the  public  and  though  shewing  a  considerable  advance  on  the  previous  constructions,  its  design 
from  a  modern  stand-point  is  antiquated »  and  is  surpassed  in  gracefulness  by  more  recent  con- 
structions. We  illustrate  tliis  engine  type  on  Suppleinent-Flate  VUI,  Figs.  1  and  2,  though  we 
ninst  here  assume  the  base*plate  to  he  contintied  for  the  boiler  to  stand  upon  it  The  frame 
consists  of  tw^o  uprights  bolted  to  the  base-plate,  on  to  which  the  cylinder  is  similarly  bolted. 
Widni ark's  governor  is  placed  over  the  valve-chest,  and  is  driven  by  strap.  The  go vornur- weight 
is  composed  of  two  close-lyiug  parts,  Avhicli  when  the  engine  is  stopped,  appear  to  form  a  sphere. 
The  crajiked  main  shaft  extends  over  the  width  of  the  base-plate,  and  receives  the  fly-wheel  at 
one  end,  whilst  a  belt  pulley  is  keyed  on  its  other  extremity.     The  feed-pump,  fixed  to  the  bed- 

» plate,  is  driven  by  the  slide  eccentric, 
d,    Alfretl  Dodmniu  of  K]iig*8  Lyoii. 
A  somewhat    similarly    formed   vertical    engiue-franie    is    adopted    by   Mr.  Alfred  Dodman, 
of  King's  Lynn,    whose  combined  engine  and  briiler  we  illustrate    in   Fig.  82.     In    other   respects, 
the  engine-construction,  shews  no  special  characteristic  features,  so  that  we  pass  on  to: 

c.     Pieksloy,  Stius  &  lo ,  of  Fedf0rd-Loigh* 
This  Engineering  Firm  have  lately  designed  the  combined  Engine  and  Boiler  arrangement 
[shewn  in  the  annexed  Fig.  83, 


I 
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Availing  ourselves  of  the  description  sent  us,  this  Engine  is  self-contained ,  and  can  be 
detached  and  removed  from  the  base  plate,  and  if  neccessary,  supplied  with  steam  from  any  other 
boiler.  The  working  parts  of  the  Engine,  viz:  crank,  eccentrics,  slides,  connecting  rod,  etc^  are 
placed  inside  a  hollow  vertical  pedestal,  which  protects  the  working  parts  and  tends  to  keep  them 
free  from  dirt.  The  slide  blocks  are  adjustable  by  means  of  taper  wedges,  bolts  and  lock  nuts, 
and  their  working  faces  are  made  of  the  best  hard  gun  metal.  The  engine  is  provided  with  self- 
acting  continuous  force  pump  for  supplying  water  to  the  Boiler,  which  is,  in  conjunction  with  a 
feed  pipe  supplying  hot  water  from  the  tank,  contained  in  the  base  plate,  this  water  being  heated 
by  the  exhaust  steam  from  the  cylinder.     The  exhaust  steam  can  either  be  partially  utilized,  or 


Fig.  82. 


Fig.  83. 

entirely  conducted  to  the  atmosphere,  according  to  requirement,  as  it  may  be  turned  on  or  ofiF  by 
means  of  a  tap  placed  at  the  exhaust  pipe  junction.  The  pump  plimger  and  rod  are  made  of 
wrought  steel,  in  one  solid  bar.  The  pump  glands,  pump  valves  and  check  valves  are  made  of 
the  best  hard  gun  metal,  and  a  gun  metal  cock  is  supplied  to  the  pump  in  the  usual  manner. 
The  pump  is  provided  with  a  tap  by  which  the  supply  to  the  Boiler  can  be  cut  off  when  required, 
the  water  returning  to  the  tank  instead  of  being  conveyed  to  the  Boiler.  The  same  tap  also  acts 
as  a  drain  to  the  pump,  so  that  all  water  can  be  emptied  from  it  after  finishing  work,  avoiding 
the  danger  of  breakage  during  frost.  The  crank  shaft  is  manufactured  from  the  beet  forged  scrap 
iron,  and  is  of  the  locomotive  form.    The  connecting-rod  is  manufactured  from  the  same  material; 
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in  shape  it  is  T-^nJed,  and  is  provided  with  best  gun-metal  hearings^  made  adjustable  for  taking 
up  wear  and  tear*  The  eccentric-straps  are  made  from  the  best  hard  gun-metal,  and  are  likewise 
made  adjustable  for  taking  up  wear  and  tear.  A  reversing  motion  is  provided  to  the  slide  ec- 
centric. All  bearings  in  this  Engine  are  of  full  length  and  large  diameter,  and  are  furnished 
with  lubricating  boxes.  The  cjOinder,  which  is  made  of  the  best  hard  eold  blast  iron,  rests  upon 
a  vertical  column  which  contains  the  working  parts  of  the  Engine,  thus  ensuring  rigidity  in 
working;  this  is  further  contributed  to,  by  the  plnmmer-blocks  which  form  a  part  of  the  pedestal, 
giving  steadiness  in  the  bearings.  An  improved  self-acting  oil-cup  is  provided  to  the  cylinder  for 
lubricating  the  piston  and  valve  face,  and  drain-taps  are  placed  in  suitable  positions.  The  action 
between  the  Engine  and  Boiler  is  regulated  by  a  stop-valve  and  hand-wheel.  The  Grovemors  are 
high  speeded. 

f.    Vernon  &  Ewens,  CentraMronworks,  of  Chelteiiliani. 

These  Engineers  have  recently  brought  out  a  type  of  combined  vertical  Engine  and  Boiler, 
which  is  illustrated  by  Figs.  84  and  85.    The  engines  have  few  working  parts,  and  if  desired  may 


;r.i 


."4J  J  V  ji^jiid 


Zmlr^^ 


V*H5f»TtrwcMT^ 


Fig.  84. 


Fig.  «6. 


3d  in  any  place  apart  from  the  boiler.  The  boiler  is  Smith  s  jiatrjit,  and  is  fitted  with  cir- 
[€ulating  water  tubes.  We  here  find  the  lantern-frame  re-introduced  for  the  engine  standard,  and 
be  following  are  particulars  of  the  various  sizes,  which  have  been  placed  at  our  disposal  by  the 
(makers : 


U  h  I  fl  n  .1    T  <»  1  h  1  n  9  e  ij ,  Ste^im-Eni^incs , 
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The  Engine  consists  of  the  steam  cylinder  bolted  to  the  top  of  a  strong  and  handsoi 
is/hi  -iron  cylindrical  standard,  mounted  upon  a  cast-iron  feed-water  tank.  The  '^Standard**  cofr 
taining  the  whole  of  the  w'orking  parts  (the  piston-rod  guides  being  in  the  upper  part,  and  the 
crank  shaft  pedestals  forming  the  base),  sustains  the  whole  of  the  working  straia  o(  the  engine* 
thus  rendering  the  boiler  much  more  diu-ahle. 

The  cylinders,  which  are  noosually  large  in  diameter  for  the  nominal  power,  are  covered 
w4th  felt  and  lagging,  which  is  enclosed  in  a  neat  sheet-iron  lagging-plate*  The  cylinders  are 
provided  with  a  suitable  lubricator  and  drain-cock.  The  Crank-shaft  is  of  the  locomotive  foi 
and  is  snfficiently  long  to  receive  a  pulley  at  either  end. 

The  Fly-wheel  is  turned   to  receive  the  driving-belt,   and  can  be  placed  an  either  end 
the  crank-shaft. 

The  Governor  is  of  the  quick-speed  t}^pe,  direct  acting,  and  very  sensitive,  bein^  an  efficiei 
regulator  of  the  Engine's  speed  mider  varying  loads. 

The  Feed-|*mnp,  fitted  with  brass  plunger,  is  driven  from  the  same  eccentric  as  the  Slide 
valve,  and  is  furnished  with  suction  and  combined  delivery  and  cheek- valves.  In  the  tame 
valve  box  as  the  latter  arc  fitted  a  return  feed-w^ater  cock,  and  a  cock  for  regulating  the  feed* 
water  heater.  The  return  feed-water  cock  renders  the  pump  continuous  in  action  by  simply 
allawitjg  the  water  to  be  returned  to  tlie  tank  when  the  boiler  is  full,  thus  preventing  the  pninp 
drawing  air.  The  cock  of  the  feed-water  heater,  either  opens  or  closes  the  supply  of  exbiUft 
steam  to  the  feed  tank. 

An  efficient  reversing  motion    is    provided,    whereby  the  Engine  may   be  inaJe    to 
either  direction. 

g.     Marshall,  Sons  &  Co.,  Eiigliit^ers  of  (ialiisl)orou!2;h. 

(With  ilhi^itrAduns  on  Suppleuienl-Hute  I,  Figp.  9 — 10*) 

In  order  to  reduce  the  number  of  machine-parts  in  vertical  engine-building,  modem  pr»Clit« 
has  cast  the  two  uprights  together,  and  the  resulting  form  given  to  the  engine-standards  is  either  tht 
** pyramidal",  or  ^'conical  frame",  wiiich  latter  is  also  called  the  '4anteni  fratue^\  This  form  k** 
become  very  much  liked,  hence  w^e  find  many  English,  American  and  Gerraiin  Eiigi2)€«^ 
adopting  it,  though  it  has  hitherto  found  less  admirers  in  France.  On  Supplement* Hale  L 
Figs.  9 — 10,  we  represent  the  vertical  engine  arrangement  of  Marshall,  Sons  &  Co,,  of  G»in*^ 
borough.  The  upright  frame  is  bolted  to  a  very  strong  cast-iron  bed,  whirh  we  must  suppose  t^ 
be  prolonged  to  the  left  in  Fig.  10,  so  as  to  admit  the  boiler  being  placed  thereon.  The  hd^ 
plate  serv^es  as  a  water-tank  for  the  feed*water,  which  is  heated  by  the  exhaust-steauu  Thu  f^* 
pump  is  worked  by  a  separate  eccentric,  and  the  governor  acts  on  a  throttle* valve. 
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li,    Rol)ey&  Co,,  of  Lincoln. 

A  light  and  pleasing 
Vertical  engine  design  ig  built 
by  Messrs.  Hobey  &Co.,  of  Lin- 
coln, and  it  ia  this  construction 
which  we  represent  in  the  an- 
nexed Fig.  86.  In  this  arrange- 
ment, acrank-diac  is  used,  and 
an  additional  strap-pulley  may 
be  keyed  on  the  main- shaft 
outside  the  fly-wheel.  The  cast 
iron  bed-plate  also  serves  as 
a  feed-water  heater.  These  en- 
gines are  constnicted  in  sizes 
from  1*4  to  12  horse-powers. 

■  L    W.  N\  Meholsoii  &  Son, 

■  of  Newark  on  Trent. 

H  The    veiirical  Engines 

■  now  manufactured  by  this  Firm 
Hft^r  a  certain  resemblance  to 
^  the    preceding  example.     The 

Engine  and B«>iler8  are  mounted 

on    a   strong   oast  iron   foun* 

dation  extending  under  both, 

and  forming  a  feed- water  tank, 

into  whichis  passed  a  jmrtionof 
[  the  exhaust  steam  for  beating 

the   feed-water.     The   Engine 

which  is  of  the  inverted  cylinder 

type  has  the  cylinders,  steam 
[chest,  slide-bars,  framing  and 

crank-shaft  pedestals,   in  one 

casting.  The  cylinder  which  is 

not  jacketed,    but  felted    and 

cleaded,  is  bored  out  with  the 

slide-bars    at  one   setting,   in  order    to  secure    perfect  alignment.     The  piston-rod  is  steel  and  the 

I  piston  is  fitted  with  double  cast  metal  rings  and  springs.  The  cross-head  is  of  malleable  iron,  with 
adjustable  cast-iron  shoes  having  large  wearing  surfaces.  The  crosshead-pin  is  of  steel.  The  con- 
necting-rod made  of  scrap-iron  has  adjustable  gun-metal  steps  at  each  end;  its  small  end  is  set 
up  with  a  cotter  and  set-screw,  whilst  its  large  end  is  of  the  marine-pattern.  The  crank-shaft  is 
of  scrap-iron;  it  is  forged  out  of  round  bar,  and  projects  through  crank-shaft  pedestals  on  eitlier 
side,  to  receive  driving  pulleys.  The  crank-shaft  pedestals  are  fitted  with  gun-metal  adjustable 
Bteps.      The  slide-valve  rod,  which  is  of  steel,   has  its  joint  made   with   an  adjustable  gun-metal 
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step  to  take  up  wear,  and  \^'orks  tliroiigh  a  guide  attiched  to  the  framing-  The  slide  valve  «^ 
centric,  is  fitted  with  slotted  reversing  diac  and  cast-iron  straps.  The  governors,  which  are 
the  high-speed  type,  act  direct  upon  the  stalk  of  an  eqnilibrium-valve,  and  they  have  an  adja 
ment  to  regulate  the  tension  of  the  spring,  so  that  the  speed  of  the  Engine  may  be  altered  wit! 
considerable  limits.  The  feed-pump  is  driven  from  a  separate  eccentric  and  is  fitted  with  a  eg 
in  the  overflow-pipe  and  also  in  the  delivery  pipe,  between  the  check  feed-valve  and  the  Boile 
the  handles  of  the  cocks  being  coupled  together  by  a  link:  this  arrangement  enables  the  pump 
to  be  always  drawing  water.  A  constant  feed  is  bo  given  to  the  Boiler,  and  all  the  three  pump- 
valves  can  be  examined  and  drawn  under  steam ^).  These  Vertical  Engines  are  uaade  in  tht 
following  sijses: 
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k.    Rii8ton«  Proctor  &  Co.,  of  Lfneoln. 

(Wjtli  illufttratiouii  ou   Supplement-Plntfj   VIII.  Figs.  5  iuu\  6 J 

A  four  horse-power  engine  of  tliis  Finn  is  illuBtrated  on  Supplement-Plate  YIII, 
and  6,  It  somewhat  resembles,  Marshall's  design.  The  vertical  boiler  is  placed  to  the  rig 
(Fig,  5)  of  the  Engine^  and  is  mounted  on  the  same  sole-plate,  simultaneously  serving  as  a  feet 
water  heater  and  an  ash-pan.  The  lower  cylinder-cover  sits  on  a  planed  recess  in  the  frame, 
is  bolted  t\}  the  cylinder  by  bolts  passing  through  the  frame-flange.  The  cylinder  is  8% 
(222  mm.)  in  bore,  and  it  has  a  stroke  of  10  in.  (254  mm,,  and  is  also  steam^jacketecL  The  did^ 
bars  are  turned,  and  the  motion  block-slides  are  made  adjustable.  The  pedestal,  close  up  t%  tfc 
crank,  is  cast  with  the  engine-frame,  whilst  the  other  tly-wheel  bearing  is  bolted  to  thia  frame. 

1.    Jaeol^  Naylor,  of  Philutlelphta. 

(With  iUufttratioiia  on  Supl^lenifiit-Pliite  VIII,  Figs.  7^8.) 

Borrowing  our  sketch  from  Radinger's  "Ausstellungs-Bericht*\  Figs.  7 — 8,  (Supplemr 
Plate  VIII)  represent  the  vertical  engine  make  of  Jacob  Xaylor,  of  Philadelphia.  It  is  built 
six  different  sizes.  The  eng^ine  exhibited  at  the  Centennial  Exhibition  had  a  8ole-]>late  of  1 
10  in.  (560  mm.)  in  height,  over  wbich  the  fly-wheel  ran,  so  that  the  second  fly-wheel  pedcdtil 
bearing  could  be  bolted  to  this  bed-plate.  The  cylinder  of  12  in.  (305  mm.)  in  bore,  and  II 
(356  mm)  stroke,  is  bolted  to  the  upright  frame,  (5  ft.  1  in.  ^=  1500  mm,  high),  which  is  cast  I 
one  with  the  bearing  and  motion-bars,  as  well  as  with  the  bottom  cylinder-cover.  The 
iron  crank  has  counter- weight  attached.  The  fly-wheel  is  5  ft  (1520  mm.)  in  diaiu*  and  J? 
(300  mm.)  on  the  face.  An  oil-gutter  oast  round  the  .sole-plate,  facilitates  the  keeping  cl«*n  J 
the  floor. 

m*    Proctor  &  Wallis,  of  London, 

In  the  vertical  engines  constructed  by  Proctor  &  Wallis,  as  shewn  in  the  acootnpiiijitF 
wood*cut  Fig.  87,  the  two  crank-shaft  jiedestals  are  cast  with  the  engine  frame.  The  diniMBiMW 
of  theae  Engines  are  as  follow: 

•)  W<?  rany  here  obsenre,   that  thfi  Vtrti  col -engine  type  waft  exhibited  for  ihe  6  rat  time  nt  the  RoiaI  Ag 
Sooict^'i  Show  *t  Derby  (1881). 


o.    Alexuiider  Shanks  &  Son,  of  Arliroatli.    (N«  U.) 

The  Gippeswyk 
engine,  alluded  to  on 
pg".  26,  may  possibly 
have  served  as  a  model 
to  these  Engineers,\vho 
in  the  construction  of 
their  vertical  engines, 
iHustrated  in  Fig.  89, 
have  imitated  the 
forked  engine  -  frame. 
The  slide- bars,  are 
not  cast  in  one  piece 
with  the  engine-frame 
hut  they  are  bolted 
to  the  latter,  and  are 
planed  flat.  As  shewn 
in  our  illustrations, 
the  feed-pump  draws 
its  supply  from  the 
wrought  iron  foot- 
plate forming  aw^ater- 
tank.  The  chief  di- 
mensions of  these  en- 
gines, arc  as  follow 


Fig.  88 
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Cylinder  diameter  in  in. .. 
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p.    Welnier  of  Lebanon  (U.  S.  A.)  anil  Mitchell  of  PlHladeljihia  (U.  S.  A.). 

(With  illuiitrfltiuiia  on  Suppl ement-rkte  VIII,  ¥\y^s.  9— 1<>,  and  F\^s.  11 — 12.) 

The  United  States  with  its  well  developed  small-ware  industries,  builds  small  steam-moto( 
to  a  large  variety  of  patterns.  Thus,  somewhat  similar  engines  are  constructed  by  Weiraer  of  Lebi- 
non  —  see  Supplement- Plate  VIII,  Figs.  9 — 10  —  and  Mitchell  of  Philadelphia  —  see  Suppletuent- 
Plate  VIII,  Figs,  11 — 12.  —  The  engine  frames  of  both  these  engines  remind  one  of  the  one-sideJ 
small  steam-hammer  type,  and  undoubtedly  the  two  present  a  pleasing  form.  Mitcheirs  engine  is  Gil 
6'/4  in.  (2  nh)  high  over  all.  The  cylinder  is  6%  in,  (170  mm.)  in  bore,  and  7^  a  ^^-  (^9^  *nm.;  in 
stroke.    The  valve-gear  consists  of  separate  slides  for  each  piston-side;  the  crank-disc  is  balaiioei 
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q.    Woods  &  Long^  of  StoMniarkot. 

A  neat  little  vertical-engine  is  made  by  Messrjii. 
&  Long,  of  Stowmarket  and  it  is  one  of  their  combined  u- 
rangements  which  we  shew  in  Fig.  90. 

The  Engine  is  completely  detached,  and  if  we 
not  the  vertical  frame  forms  one  casting  with  the  cyl 
and  slipper-guide,  forming  simultaueously  double  bewif 
for  the  cranked  shaft.  The  slide-eccentric  18  mounted  on 
one  side  of  the  crank-shaft  made  in  the  locomotive  *tyk, 
and  on  the  opposite  side  we  find  a  second  eccontric  whidi 
works  the  feed-pumi).  The  latter  is  arranged  on  the  citoii- 
lating  principle,  to  avoid  the  valves  from  sticking. 
vertical  engines  are  made  in  five  sizes,  answering  to 
following  dimensions,  and  they  are  guaranteed  to  dr 
double  the  nominal  horse-power  stated  in  the  following  t»W 
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r.    B.  Herreshott*  of  London. 

(With  inustrationa  on  Sui)pknient-Plate  VI,  Figs,   11—15.) 

To  attain  a  high-speed  running  engine,  B.  Herreshoft  designed  and  constructed  the  ei^ 
illustrated  in  Figs.  11—15   (Supplement-Plate  VI).     It  is  stated  to  work   at  500  revolutiow  p* 
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minute  and  at  10  atm.  fiteam-pressuxe;  its  cjlinder-diameter  is  only  2^4  iii,  (57  mm.)  and  its  stroke 
3  in.  (76  mmO;  cutting  off  at  0'66  stroke,  it  develops  4  HP,  The  cylinder  was  formed  out  of  a 
solid  steel-block,  and  piston,  piston-rod,  crank-shaft  (with  eccentric  forged  on),  and  cross-head  pin 
are  also  made  of  steel;  on  the  other  hand,  phosphor  bronze  has  been  used  for  the  sole-plate,  tlie 
frame,  and  the  cylinder-cover.     Steel  bolts  are  exclusively  used  with  bronze  nuts.     To   the  front 

■  pedestal,  the  feed-pump  is  bolted,  which  is  worked  from  the  motion-block.  To  reduce  weight  as 
B  much  as  possible^  the  following  parts  were  made  hollow,  viz:   Crank,  and  eccentric-rod,    and  even 

■  the  motion-block  with  its  pin  (Fig,  15)  which  is  probably  the  most  original  part  of  the  design. 
H  A  characteristic  of  this  engine-build,  is  that  the  nuts  of  the  crauk-bearing  are  made  wnth  fusible 
B  metal  linings,  so  that  in  case  of  this  bearing  getting  heated,  these  linings  melt,  and  so  loosen  the 
B  cover*     The  slide-valve  chest  with  its  cover  cast  on,  is  bolted  to  the  cylinder, 

Bduoc 
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8.    Raiisomes,  Sims  &  Jeflferies,  Orwell  Works,  Ipswich. 

Messrs.  Ransomes,  Sims  &  Jefferies  have  intro- 
duced a  Vertical  Engine  which  we  consider  w^ell  w^orthy 
of  attention.     The  design,  as  may    be  seen   by   the  en* 
gravings,   Figs.  91    and  92  is  exceedingl}*  neat  and  the 
Engine  part  is  quite  separate  from,  and  independent  of 
the  boiler;    in    the 
combined  boiler  and 
engine    arrange- 
ment, shewn  in  Fig. 
91 ,    the    two    are 
mounted  on  a  strong 
foundation    plate, 
which    serves    also 
as   a  tank   for   the 
feed  -  water.     These 
Engines    are    w^ell 
designed, and  all  the 
various  parts  have 
evidently  been  well 
thought  out,  in  or- 
der to  make  them  as 
simple  and  effective 
as  possible,  and  at 
the  same  time,  easy 
of  management. 

This  construction  takes  up  but  little  room  and  being  made  in  various  sizes,  it  is  xQiy 
convenient  for  a  great  many  purposes,  where  economy  in  prime  cost  is  an  object,  and  where  there 
la  not  sufficient  space  to  put  down  an  Horizontal  Engine  with  a  Cornish  Boiler  —  a  remark  which 
applies  more  or  less  tn  t\\M  vertical  engine  tj'pe  in  general 

These  Engines  are  made  in  nine  different  sizes.    Messrs.  Banaomes,  Sims  &  Jefferies  have 


adopted  the  plan  advocated   for   some   time   past  of  selling  these  Engines   by  the  aize   of  t!ie  pv. 
linders,  instead  of  by  the  nominal  horse  power.*) 

t,    G.  Petaii,  of  Pflrh. 

(With  iUiistrations  on  Siippkiiieut-Flalc  V^I*  Figs.  5  —  6.) 

The  Vertical  Engine  here  referred  to,    has  its  sole-plate  extending   right  tinder  it,   wbikt 

the  cylinder  is  bolted  to  the  frame  in  the  usuaJ 
manner.  The  steam -pipe  abuts  in  the  cover  of 
the  valve-chest,  and  has  the  throttle-valve  attached 
to  it.  The  exliaust-pipe  passes  through  the  en- 
gine bed-plate  into  the  chimney.  The  motioo-bUtck 
is  of  the  slipper  pattern.  The  nominal  working 
capacity  is  stated  at  8  UP.  The  cylinder  diam. 
is  7*87  in.  (200  mm.)  and  its  stroke  12  in.  (300  nun.; 
The  engine-speed  is  quoted  at  110  revs,  per  rain. 

11,    K,  Wells,  of  Xew-Yorfc 

(With  iniiAtratioDS  on  8ti[»i>kinent-riAte  VIII,  Fi]gs^  3  Mict  I.J 

As  an  example  of  a  two -piston  ^^i 
presenting  an  advantageous  power  developmenL  ...,. 
self-balancing  properties,  we  illustrate  on  Suppl*- 
ment-Plate  VUI,  Figs.  .3  and  4,  the  engine  typt 
of  R.  Wells,  of  NewA'ork.  The  action  of  thi 
upper  piston  is  transferred  by  two  piston-rod*, 
which  pass  through  the  lower  piston  by  n  stram* 
tight  packing.  The  cranks  are  set  at  ISC'*  apart, 
owing  to  which  the  pistons  move  in  opposite  it 
rectious,  and  thus  do  not  obviate  dead  centres 
The  steam-distribution  is  controlled  by  the  action 

of  one  eccentric. 

T,    Btiffiuul  FriTosi,  of  Ityens. 

An  arrangement,  totally  ditferinp  from  ti* 
types  previously  discussed^  is  shewn  in  Fig.  ^ 
as  belonging  to  Messrs.  Bnffaud  Frirea,  of  Lyont 
The  engine  bed-plate  is  bolted  at  the  top  to  tte 
boiler,  and  rests  on  a  sole-plate  at  the  bottoia. 
The  steam-cylinder  is  oast  with  the  valvc-cb^st 
and  the  feed-pomp. 

Owing  to  the  cylinder  being  much  tij>"jv' 

in    cooling,    it   is  isolated  by   an    air-jacket,   iV^c 

the  pump.     The  feed-water  heater   is  cast  tc  th* 

bed'phite  behind  the  cylinder.     These  enginr*  af 

Pig  gj  constructed  in  the  following  sizes: 


♦)  Me^ftW.  Rftnsoin<»«,  8ims&  llima'«,  Wrticfll  Engine  mid  Boiler  niounted  on  wheels   is  describecl  mni  iim*u»*oi - 
•*Thc  Engineer"  a,  17  Dec.   18^^^,  pj;    455. 
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w.  W»  N.  Nicholson  &  Sons,  Trent  Iron  Work§^. 
Newark  on  Trent* 

The  vertical  engines  btiilt  by  these  Engineers 
are  of  the  design  shewn  in  Fig.  94,  which  re- 
presents their  combined  Boiler  and  Engine  ar- 
rangement. Though  separate  fi-oni  the  boiler^  the 
engine  is  mounted  on  the  one  bed-plate,  and  shares 
the  same  defect  as  the  preceding  example.  The 
cylinder,  (provided  with  a  steam-jacket)  and  valve- 
chest  form  one  casting  with  the  engine  uprights 
and  pillow-blocks.  To  give  greater  solidity,  the 
two  uprights  are  connected  together  by  a  top 
curved  bracket,  and  the  V-formed  slide-bars  are 
Ijolted  to  these  uprights.  A  second  eccentric  is 
used  to  work  the  feed-pump.  The  piston  is 
fitted  with  double  cast  metal  rings  and  internal 
springs.  The  governor  has  been  patented  by  this 
Firm*  who  claim  for  it,  that  it  is  made  in  five  parts 
only.  The  vertical  engine  type  described  by  us  on 
page  51  is  a  decided  improvement  on  the  present 
construction.  Comparing  this  engine-design  with 
other  makes,  we  cannot  but  think  that  greater 
simplicity  of  design ,  and  greater  fewness  of  parts 
are  presented  by  many  other  engines  now  in  tli' 
market,  so  that  we  merely  add  the  main  dim(.^ii 
sions  to  which  these  engines  are  made: 


Fig.  91. 
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The  indicated  horse-power  of  Nicholson*s  engines  is  here  calculated  at  40  lbs,  pressure* 
speed  240  feet  per  minute,  cut-off  at  *„th8  stroke,  and  the  nominal  horse-power  is  taken  at  half 
the  indicated  Horee-power. 

*  This  engine-Ei^e   is,  madu  excepliODally    with   inverted  cylinder  ^    which   at  we  have  Allied  beforei   givei    greater 
'  atabitily  to  the  nmuing  cif  the  engjjie. 

Ulilnnd-Toihatiten,  St  cam  En  (fin  em.  8 
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^  crown-plate  of  the  vertical  boiler.  We  illustrate  this  construction,  as  formerly  made  by 
Vessrs.  Proctor  &  Wallis,  of  London,  under  the  name  of  Talbot-engine,  and  our  Fig.  96^  shewB 
|he  externa],  whilst  Fig.  97  illustrates  the  internal  arrangement  of  this  engine.  The  cylinder  is 
lupported  with  its  upper  flange  —  simultaneously  serving  as  engine  bed-plate  —  on  the  boiler 
Crown;  it  is  thus  inserted  below  the  latter,  ana  is  most  ingeniously  placed  to  prevent  radiation, 
This  arrangement  of  the  engine  on  the  middle  of  the  boiler,  not  merely  allows  the  latter  to  ex- 
pand and  contract  at  will,  but  as  the  moving  parts  coincide  with  the  boiler-axis,  side  thrust  or 
ribrations  are  not  caused. 

z.    L,  Br^vaK  Engineer  of  Paris. 

^^K  (With  illiietratioiig  on  Supplennfut-Plate  VI^  Figs.  8—10.) 

^^  We  conclude  this  chapter  by  illustrating  an  oscillating  engine  on  Supplement-Plate  VI, 
figs.  8 — 10,  which  is  built  by  L.  Breval  of  Paris.  It  is  presumed  to  be  arranged  over  the  front 
iiwrheels  of  a  Portable-engine,  and  as  it  is  entirely  cased  in,  it  is  termed  by  its  maker  *^Cryto- 
ftynamique''  —  i.  e.  hidden  power.  As  in  all  oscillating  engines,  the  admission  and  emission  of 
iteam  takes  place  through  the  pivots  A  and  i?,  which  communicate  with  the  bed-plate,  and  the 
loiler  or  chimney.  The  slide  works  in  the  ordinary  style;  to  compensate  for  the  oaciUations,  the 
HJcentric  works  on  a  strap  carried  by  the  valve-box  cover,  the  valve-spindle  being  attached  to  the 
ither  end  of  this  strap*  The  feed-pump  casting  is  bolted  to  the  cylinder,  and  is  worked  from  the 
jiston-rod  head.  The  suction-pipe  is  placed  at  the  side  of  the  pin  By  whilst  the  force  or  feed 
)ipe  passes  through  the  interior  of  the  pin  B]  in  this  manner,  the  feed-water  is  heated  by  the 
Sxhanst-steam  and  the  pipe  is  not  influenced  at  all  by  the  oscillations. 

The  engine  illustrated  is  termed  a  6  HP.  engine  (nominal).  The  piston  is  7  in.  (180 
mn,)  in  diani.  and  its  stroke  ^=  12  in.  (300  mm.).  Working  at  6  atm.  steam-pressure,  it  runs  at 
,00  revs   per  rain. 

El    E 

^^^  1.   E.  B.  &  F.  Turner,  of  Ipswich. 

^^^HH  (With  illia^truddQi!  qq  Supplement-Plate  IX.) 

^IP  The  simplest  way,  to  secure  variable  expansion  when  using  only  one  slide-valve^  is  to 
unploy  an  eccentric,  whose  stroke  and  advance-angle  are  adjustable.  For  this  purpose,  the  eccentric 
fastened  by  set-screws  through  eccentric  grooves  of  a  circular  disc  keyed  on  to  the  crank  shaft, 
^hich  grooves  allow  the  advance-angle  and  the  eccentricity  to  be  altered.  This  arrangement^  of 
lonree,  merely  allows  adjustment  when  the  engine  is  stopped. 

But,  with  the  aid  of  certain  mechanisms,  this  shifting  of  the  eccentric   can  also  be  auto- 
latically  accomplished  by  the  governor,  whilst  the  engine  is  running. 

We  purpose  now  describing  these  arrangements,   by  taking  the  valve-gear   of  Messrs.  K 
L  &  F.  Turner  first,   observing  that  it  works  in  connection  with  Hartnell  &  Guthrie *8  governor. 
The  governor-casing  is  keyed  fast  on  the  crank-shaft  .4,  whilst  the  eccentric  B  with  large 
lay,  is  slid  over  the  same,  and  hung  by  means  of  an  arm  or  carrier  C  on  a  pin,  placed  radially 
[opposite  the  eccentricity,  as  represented  in  Figs.  98—100, 


[II.    Engines  working  with  one  Slide,  but  with  variable  expansion. 
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Briefly  described,  the  governor  may  be  said  tc>  consist  of  a  disc,  keyed  to  the  engine  crank 
shaft,  in  the  same  manner  as  a  pulley.  Two  weights  are  suspended  on  pins  to  this  disc,  and  roUte 
with  it  round  the  crank-shaft  in  a  vertical  plane.  These  weights  are  controlled  by  spiral  springs, 
to  prevent  their  flying  out  too  readily.  The  weights  are  connected  by  a  coupling  link,  so  that 
the  centrifugal  force  of  the  two  weights  acts  together. 

The  slide-valve  eccentric  forma  in  reality  a  part  of  the  governor.  Connected  to  the 
weights  is  a  curved  lever  or  quadrant,  the  curvature  of  which  passes  through  a  slot  in  the  1hm« 
of  this  eccentric. 

I)  and  E  are  the  weights,  /'  and  ir^  the  pins  on  which  they  swing.  //  the  link  connecting 
the  weights  with  each  other.  B  is  the  eccentric,  having  a  slotted  eye,  through  w^hich  the  crank 
shaft  passes;  it  is  fastened  to  the  carrier  C,  by  bolts,  and  swings  from  the  centre  C.  Q  is  the 
quadrant  fastened  by  the  screw  P  to  the  weight  E\  the  arm  of  this  quadrant  slides  through  % 
swivel  pivot  R^  on  the  eccentric  carrier  C,  L^  K^  are  the  springs  which  control  the  motion  of 
the  weights. 

The    action    of   the  g(h 

vernor  is   as   follows:   —  Any 

variation    in    the   work   on  th^ 

-Q^^M^  ,       fc^jyy  n  Fi    I  engine,  say  the  sudden  %'artatian 

which  follows  the  completiim  ai 
a  heavy  cut  by  a  circular-saw, 
naturally  tends  suddenly  to 
increase  the  speed.  This  causes 
the  weights  to  fly  out  by  centri- 
fugal force,  and  to  overcome  it 
^^yy^  d     I     « **  ft  i  <  once  the  restraint    of  the  spiral 

springs.  The  weights  in  flying 
out,  carry  with  them  the  quadrtut 
or  curved  lever,    which  is  fixed 


Figs,  98-100, 


to  them  in  such  a  way,  that  in  altering  its  position  it  shifts  the  slide  valve  eccentric^  and  dimi* 
nishes  its  stroke,  thus  lessening  the  travel  of  the  slide  valve,  and  reducing  the  steam-supplv 
When  the  saw-cut  again  comes  on,  the  reverse  takes  place.  The  spiral  springs  draw*  the  weights 
close  together,  and  the  stroke  of  the  slide-valve  is  instantly  increased,  so  that  the  required  stMUB 
supply  is  ohtiuoetL  In  other  w^ords  on  the  Engine  being  put  in  motion,  the  centrifugal  force  teiA 
to  drive  the  weights  />  and  K  outwards,  but  they  are  prevented  from  flying  out  too  readily  bf 
the  restraining  force  of  the  spiral  springs  L  and  K.  The  w^eights  in  flying  out,  carry  with  then 
the  quadrant  or  curved  lever,  which  is  fixed  to  them  in  such  a  way  that  in  altering  its  position 
it  shifts  the  slide-valve  eccentric  and  diminishes  its  stroke,  thus  lessening  the  travel  of  tlu?  $64^ 
valve  and  reducing  the  steam-supply.  iHHl 

We  illustrate  an  Engine  fitted  with  this  valve-gear  on  our  Supplement-Plate  IX  ito 
cylinder  is  6V2  in,  (165  mm*)  in  bore,  and  its  stroke  ==  10  in,  (254  mm.);  the  cylinder  is  steiifr* 
jacketed  and  cast  in  one  with  the  valve  chest  The  crank-shaft  pedestal  is  connected  wiUi  tlu 
cylinder  by  an  f™- frame.  An  8  HP  (nominal)  engine  is  stated  to  work  at  8  atm.  steaiiHpreaiDt, 
and  to  run  at  270  revs,  per  min.  so  throwing  off  a  mean  piston  speed  of  7^^  ft.  (2-8  m.)  per  ttc. 
The  flywheel  serves  as  belt-pnlley,  and  takes  up  the  forementioned  governor  on  its  inner  side. 


E      ~^^ 

^H  2.    Sfttre  &  y.  Aveiiy,  of  liyous  (DcpiTz*  patent). 

^  (With  iliujjtr&tions  on  Biipplement-Flate  3.) 

Deprez*  variable  expansion  gear,  as  fitted  to  a  Cjindeiising-eiigine,  cuiistructed  by  Messrs. 
Satre  &  V.  Averly,  of  Lyons,  is  illustrated  on  SuppIcmcnt-Plate  3.  As  the  detail-drawing  (Fig.  5) 
shews,  the  valve  has  large  laps;  the  valve  spindle  is  very  long,  extending  almost  up  to  the 
eccentric,  where  it  is  connected  to  a  frame  A  surrounding  the  fixed  eccentric  B^  which  is  keyed 
diametrically  opposite  the  crank.  This  frame  is  guided  perfectly  straight,  by  a  second  guide,  so 
that  it  can  only  move  horizontally.  The  frame  has  a  circular 
link  (7,  with  a  eliding-block  <?,  connected  to  the  pin  of  the  short 
eccentric-rod  1). 

If  we  now  investigate  the  position  of  this  mechanism  as 
represented  in  Fig.  1,  we  shall  find  that  the  eliding-btock  lies 
in  the  prolongation  of  the  axis  of  the  valve-rod,  and  consequently 
motion  will  be  imparted  to  the  frame,  and  to  the  valve-rod  and 
to  the  valve,  corresponding  to  the  symmetrical  declination  of  the 
eccentric.  This  answers  to  the  earliest  cut-oft'  at  ^/^^^  stroke, 
On  looking  at  Figs,  1  and  2  we  note  that  both  valve  and  piston 
are  exactly  in  their  central  position,  whilst  steam  has  already 
been  cut-off,  and  w^e  see  that  a  change  is  taking  place  in  the 
Bte  am -exhaust,  because  the  imier  valve  edges  lie  exactly  over 
the  port- edges* 

Continuing  to  notice  some  of  the  chief  positions  of  the 
slide  as  illustrated  in  Fig.  101,  —  in  wliich  the  dotted  line  in- 
dicates the  travel  of  the  valve  in  the  foremuitioned  position  of 
the  sliding-block,  —  we  arrive  at  the  following  conclusions:  The 
valve  begins  to  open  the  steam  port  at  c,  when  the  piston  has 
to  travel  Vjo^^'  ^^  it®  stroke  up  to  its  dead  centre  (the  piston  is 
travelling  in  the  direction  of  the  inscribed  arrow  K)\  on  reaching 
this  dead-centre,  the  port  is  upened  out  to  about  Viu*^**  ^^  ^^ 
width,  whereupon  the  port  opening  is  again  reduced,  when  on 
xeaching  \^jy'*»  of  the  new  stroke-travel,  steam  is  cut-jtf  and  ex- 
pansion begins.  Therefore  the  slide  path  may  be  represented  as 
being  divided  into  equal  parts,  in  relation  to  the  dead-centre. 

With  regard  to  the  exhaust,  it  begins  at  s^  or  when  the 
piston    is    on  half-stroke,    lience  it  folio w*s,   that    steam   is   only 

expanded  during  about  '*/n,**'*  of  its  travel,  beginning  then  to  escape.  Simultaneously  compression 
begins  on  the  opposite  piston-side,  as  shewn  by  ^,  in  the  lower  portion  of  the  diagram.  This 
peculiar  distribution  of  the  steam,  in  no  wise  effects  a  continuous  action  of  the  piston,  but  on  the 
contrarv'  the  latter  would  soon  come  to  a  stand-still.  However,  as  soon  as  the  slidiug-block  is 
moved  upwards,  the  steam-distribution  is  changed,  and  the  piston  is  able  to  move.  To  explain 
this  matter,  let  us  refer  to  the  position  shewn  by  Fig.  5,  in  which  the  slide-block  is  in  the  highest 
})oint  of  the  link-slot,  corresponding  to  a  cut-off  at  ^/^o^^  stroke,  and  to  the  curve  jullt/  drawn  in 
our  Fig,  101.     The  largest  valve-declination  results  from  this  position  of  the  sliding-block. 
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When  the  valve  assumes  its  largest  declination,  the  piston  has  only  travelled  over 
first  fifth  of  its  stroke.  In  coiitinumg  its  stroke,  it  receives  the  steam  cut-off  at  half  its  course. 
Exhaust  commences  at  w,  when  the  piston  has  run  over  0-82  of  its  stroke,  and  this  emission  con- 
tinues up  to  Uj,  where  the  piston  has  to  travel  another  ^/^  of  its  course  ere  it  reaches  ita  other 
dead  centre*  In  the  valve  position  represented  by  our  Fig.  5,  the  piston  is  at  half*stroke^  This 
illustration  similarly  points  out  the  effect  of  the  eccentric-rod  on  the  motion  of  the  valve,  for  if 
the  positions  of  the  valve  were  to  depend  solely  on  the  eccentric^  then  the  valve  would  likewise 
be  in  its  central  position,  as  we  observed  to  be  the  case  with  the  piston;  Fig.  5  shews  however^ 
that  the  slide  has  been  motioned  beyond  it.  This  modification  of  the  eccentric  movement  kis 
only  been  rendered  possible  by  the  nse  of  a  very  short  eccentric-rod,  for  as  the  ratio  existing 
between  the  eccentricity  and  the  eccentric  rod  length  is  large,  the  effect  of  the  inclination  of  thf 
eccentric  rod,  is  sufficiently  brought  to  the  fore,  to  produce  a  variable  slide-motion.  The  come 
shewn  thus  .  —  .  —  .  —  .in  the  diagram,  answers  to  a  cut-off  at  ^/iy'*'«  stroke.  The  range  of  cat- 
off  in  this  valve-ge^r  is  limited  from  V^^^tJi   —  ^.^  the  piston  stroke. 

The  variation  of  the  ex^mnsion,  depends  therefore  on  the  different  positions  of  the  slide- 
block  in  the  link-slot,  which  can  be  varied  both  by  hand  and  by  the  governor.  The  latter  ii 
placed  at  the  side  of  the  bed-plate,  and  is  driven  by  belting  off  the  crank-shaft.  The  motion  of 
the  govemor*collar  is  transferred  to  the  sliding-block  by  an  intermediate  transmitting  meohanino, 
shewn  in  our  Fig.  1,  and  composed  of  the  following  parts:  To  the  end  of  the  governor  lever  f, 
we  have  a  sliding  collar,  which  encircles  the  vertical  spindle  Q  in  such  a  manner  as  not  to 
take  part  in  any  eventual  rotation  of  this  spindle,  whilst  it  transfers  any  movement  of  this  lever 
to  the  same.  Two  friction-cones  q  and  y^,  are  mounted  on  this  spindle,  which  cones  ftltenuitd; 
come  in  contact  with  a  third  friction-cone  Sy  according  to  the  rise  or  fall  of  the  spindle  Q.  Am 
the  friction  cone  s  is  continually  revolving,  so  the  spindle  Q  is  forced  to  revolve  in  the  one  or 
the  opposite  direction,  according  as  the  upper  or  lower  cones  q  or  */|,  are  in  contact.  Under  tlw 
disc  */i,  the  spindle  Q  carries  a  worm  p  which  gears  on  to  a  wheel  pi  —  vide  Fig.  2  — .  Tkt 
latter  is  mounted  nut-fashion  on  to  a  spindle  S,  so  that  according  to  the  direction  in  which  it  ii 
worked,  this  spindle  is  moved  inwards  or  outwards.  This  spindle  *S  is  linked  to  the  rod  5^, 
which  playing  on  to  the  cranked  lever  T  and  suspension  link  7\,  transfers  the  govern or-motioni 
on  to  the  slide-block  c. 

The  present  Condensing-engine  is  of  25  IIP.  (nominal).  The  cylinder  diam.  =s:  17^^  in 
(450  mm.);  its  stroke  ^  2  ft.  6  in.  (760  nim,).  Running  at  40  revs,  per  min.  the  piston  altaini 
a  speed  of  3  ft.  7  in.  (1*1  m.)  per  sec,  whereby  an  absolute  steam  pressure  of  71  lbs.  per  sq.  m 
(5  kg,  per  qcm.)  is  presumed. 

The  proper  cylinder-lining  is  a  part  by  itself,  and  is  inserted  inside  the  enter  cyliikd«r, 
whereby  a  steam-jacket  is  simultaneously  obtained.  The  live-steam  enters  this  jacket  from  tk* 
undersidCj  and  enters  the  valve-hox  by  passing  side-ways  through  the  throttle-valve,  as  may  k 
seen  on  referring  to  Fig.  3.  An  additional  steam-cock  v  is  added,  which  on  setting  the  engine  t$ 
work,  is  opened,  in  case  the  valve  should  just  happen  to  have  closed  the  steam-port.  Two  steta 
pipes,  leading  separately  to  each  steam-port,  branch  off  from  this  steam-cock. 
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3.   Pius  Hnfe,  of  Vienna, 

In  the  annexed  Fig.  102,   R  represents  the  crank,   placed  diametrically  opposite  eccentric 

/?,  the  strap  of  which    is  directly  connected    and  fixed   to  a  link. 

The  eccentric-strap  is  grasped  at  Q  by   a  lever,  oscillating   round 

the  fixed    centre  G   in   such    a    manner   that   the    point  Q   nearly 

travels   in    the    stroke-direction    of  the    eccentric,    whilst    simul- 
taneously   the  rotation    of  the   sliaft  causes   rotary  oscilbitions  of 

the  link    round    this   point.      Tlie  slide-block  end    of  the    rod    J/, 

connected   by  link  with    the   valve-rod,   may   be    shifted   up    and 

down    in    the    slot   of    tlie   link,     by    turning    the   hand     screw 

wheel     shewn    in    our    figure.      As    a    consequence,    the    traA^el 

of  the  valve  becomes  changed.  If  the  link  slide -block  is 
1  low    in   the  link-slot,   we  have  a  large    expansion,    for   then    the 

valve-motion   is  derived,   almost  as  if  from  one   eccentric  keyed 

at  an  advance-angle   of  90**,     When    the  slide-block    is  placed  in 

higher  positions,  the  motion  of  the  link  makes  itself  felt,  and 
\  this  link  may  be  looked  upon  as  approaching  a  right  angled  bell- 
,  crank;   consequently  the  motion  may  be  attributed    to  a  second  eccentric  following  the  crank  at 

\)0^  {S  =  180*^),  The  combination  of  these  two  motions  is  imparted  to  the  slide-valve.  The  link 
\  is  curved  to  a  radius  equaling  the  length  of  the  rod  il/;  the  oscillating  centre  Q  is  advantageously 
[placed  in  the  centre-line  of  the  link.  The  working  of  this  valve-gear  is  only  favorable  with 
i  early  cut-otfs. 


1 
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Fig.  102. 


4.    Kobey  4  KirlianlHon,  of  Lincoln. 

We  have    a  very   simple  arrangement    of  displacing  the  eccentric,    both  in  regard   to    its 
radvance-angle  and  to  its  eccentricity,    in  the  direct  expansion  mechanism,   patented  by  Robey  & 
Eichardson,  and  adopted  by  Messrs,  Itobey  & 
Co*,  of  Lincoln.     We  represent   this    arrange- 
ment in  Figs.  103  and  104. 

The  governor  is  placed  direct   on  the 
crank-shaft,  so  that  the  governor  balls  rotate 
I  in  a  vertical   plane.     The   ball    rods   a  u  are 
I  linked  to  the  movable  collar  ^1  to  w^hich  two 
wedge-formed  sliding  blocks  b  b   are  attached  ^*^*'  ^^  ""^^  *^^- 

in  such  a  manner,  that  with  each  change  in  the  engine-speed  or  governor  ball  position,  these 
blocks  slide  accordingly  on  the  planed  surface  of  tlie  crank-shaft,  parallel  to  the  axis  of  the  latter. 
The  eccentric  has  corresponding  slots,  into  which  these  slide-blneks  play,  causing  the  eccentric 
to  be  more  or  less  shifted  from  the  crank-shaft  centre,  whilst  the  eccentric  is  otherwise  prevented 
in  taking  part  in  the  axial  motion  of  these  blocks.  In  this  manner,  we  obtain  a  simultaneous 
Tariation  of  the  advance-angle  and  of  tlie  eccentricity. 
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5-    Willi.  Kalka,  of  MeolaL 

KalktVs  Valve-gear,  as  patented  in  Germany,  merely  effects  a  turning  of  the  ecceDtri^\ 
whereby  the  advance-atigle  is  only  changed.  This  valve-gear,  ilhtstrated  in  the  annexed  Figureii 
105 — 108,  may  he  described  aa  follows: 

Figfl.  105—106.  The  crank-shaft  carries   a  loosi? 

toothed  wheel  A  between  two  arms  /?, 
keyed  fast  on  this  shaft.  A  wheel-seg- 
ment C  is  inserted  between  these  arm* 
on  a  counter-shaft,  in  such  a  manner 
that  the  segment  and  wheel,  gear  \nU 
each  other.  The  segnjent  being  tlit; 
driver,  the  latter  will  niake  equal  re^ 
volutions  to  the  crank- shaft  If  we 
now  conceive  the  counter- shaft  lobe 
rotated  hy  some  external  means,  (e?«i 

^  _  J,.        ..,     v:./  when  the  niain  shaft  revolve8,'i  then  .in 

J     L[TU-l|iiy==     1     iiriMfr~"jJ  X'  /  1  \  ]y  accelerated  or  retarded  motion   raay  In- 

I  '  thereby  given  to  the    loose   wbeel|  ani 

Figp.  107—108.  -tijg  last  named  may  in  fact  be  revereel 

by  choosing  a  suitable  gear- ratio.  This  variable  motion,  is  transmitted  on  to  the  eccentric  **f 
the  slide-valve  in  the  following  manner:  —  see  Figs,  105 — 107.  ~  The  sleeve  aS  may  be  s^hifted 
along  the  main  shaft  either  by  hand  or  by  the  governor,  whilst  the  engine  is  running;  thii 
straight  motion  is  converted  by  a  transmitter  U  —  by  wheel-gear  —  through  worm  K^  int©  « 
circular  motion.  This  worm,  gearing  into  the  toothed  boss  of  the  loose  eccentric,  causes  th«  Utt« 
to  he  turned,  thus  effecting  a  corresponding  change  in  the  advance-angle. 
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6.    A.  SlepeiMiuiiiii,  of  Litbeck* 

(With  illuatrations  on  Supplpineiit-riftte  X,  Viga,   1—3.) 

A  patented  dynamometrical  governor  mechanism  is  applied  to  the  Engine  illustrated  w 
Supplement-Plate  X,  Figs.  1—3,  for  effecting  a  variable  valve-motion.  The  two  halres  of  a  ouiif 
a  a  are  keyed  fast  on  the  crank-shaft,  and  this  casing  takes  up  a  helt-puUey  b  running  loose  ^ 
its  boss;  this  pulley  gives  off  the  engine-power*  The  forementioned  casing-halves  arc  snom&ftt 
rigidly  connected  together  by  blocks  ee^  to  which  the  springs  d  are  attached;  the  other  ndftg 
ends  are  fixed  to  the  points  ee  o{  the  strap-pulley. 

The  casiog  revolves  in  the  same  direction  as  the  crank  shaft,  whereas  the  louse  bell  pdlfj 
drawn  by  the  sprirsgs  <Z,  has  a  tendency  of  lagging  back;  this  tendency  becomes  more  maQifes^ 
the  greater  the  resistance  is,  which  it  has  to  overcome.  According  as  this  resistance  is,  it  mil 
command  a  certain  position  of  the  casing  to  the  strap-pulley,  and  this  relative  positioa  is  om 
municated  to  the  collar  i7y  sliding  on  the  fly-wdieel  shaft,  by  the  simple  wheel  gear  I*  Ah  o^ 
dinary  forked  lever  grasps  this  collar,  which  when  moving,  causes  the  bevel  whe^l  A  to  ret«l«. 
this  motion  becomes  communicated  to  a  balanced  horizontal  lever  connected  by  guide-rod  to  lii 
eccentric-rod.  The  eccentric,  owing  to  the  action  of  tlie  forementioned  governor,  is  mottoiieJ  in  * 
Fink-link,  whereby  the  stroke  of  the  valve  is  altered. 


A  mechanism  effecting  a  variable 
slide  travel  governed  by  the  governor,  watj 
igned  by  A.  Ruthel,  Engineer  of  Ber- 
lin, and  it  is  this  gear  which  we  represent 
in  Figs.  109—112,  in  the  improved  con- 
stntction  of  the  "Cyclops  Machineworks'' 
of  Berlin. 

We  give  front,  side,  and  back  ele- 
vations of  this  gear  in  our  illustrations. 
The  frame  n    is  bolted  through   its  flange  A 

f  to  the  side  of  the  engine  bed-plate,  and  in 
Fig.  Ill,  c  is  supposed  to  be  the  eccentric 
rod  whilst  <i  leads  to  the  valve-rod.  We 
find  inside  the  frame  //,  a  rotary  disc  e^  held 

I  in  position  by  the  ring  J\  fitted  in  with 
oountersunk  screws.  lii  the  sb>t  of  this 
disc,  we  have  a  sliding- block  </,  which 
carries  on  its  back  the  two  pins  e^    and   Jj 

,  of  the  forementioned  rods ;  on  its  front  side 
we  have  a  small  crank  h  connected  with  a 
double  lever  k.  This  lever  has  its  fulcrum 
on  a  strap  i  cast  in  one  with  the  fore- 
mentioned  casing  a;  it  communicates  at 
the  one  end  with  the  rods  n  n  leading  to 
the   governor   collar,    whilst   its    other    ex- 

I  tremity    conimunioates    with    an   oO  •  brake. 

I  When  the  sliding  block  is  centrally  placed, 
the  declinations    of  the  pins  c^    and  4^    are 

'  equal ;    but    if   the    governor    actuates    the 

.  gliding  block  ff   by  the  forementioned  lever, 

[then  the  t^o  pins  c^  and  rf,  are  also  simul- 
taneously motioned  in  such  a  manner  that 
their  distances  from  the  point  of  oscillatiou 

I  of  the  disc  fi  become  altered,  so  oaueing  the    ^^ 
valve-stroke  to  be  lengthened  out  or  shortened. 
A  catch  on  the  bolt  ?/i,  prevents  the  rods  n 
from  taking  part  in  the  rotation  of  the  go* 

tvernor-coUar.  Uur  drawings  presume  the 
mechanism  to  answer  tu  the  lowest  position 

I  of  the  governor  balls* 
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8.   Drultt-Halpln,  of  London. 

(With  illustrationfl  on  Snpplement-Plate  III,  Figs.  1—6.) 

On  page  165  of  our  second  volume  we  briefly  referred  to  Mr.  Halpin's  Valve-gear,  and  we 
now  illustrate  the  same  on  Plate  III,  Pigs  1 — 6.  Although  very  ingeniously  conceived,  this  con- 
struction sufi*er8  both  on  account  of  its  complicatedness,  as  well  as  owing  to  the  minute  details 
of  the  engine. 

The  valve,  shewn  in  Pig.  6,  with  its  face  in  Pig.  5,  receives  an  alternate  to  and  fro 
motion,  and  to  enable  it  to  cause  variable  expansion,  an  additional  rotary  movement  is  imparted 
to  it,  from  the  governor.  These  two  motions  are  derived  from  an  eccentric  a.  The  slide  is  fixed 
to  the  frame  d^  by  its  pin  c,  and  this  frame  is  connected  to  the  eccentric-rod.  The  to  and  fro 
travelling  frame,  merely  ensures  the  proper  guide  and  position  of  the  slide;  the  rotation  of  the 
last-named  is  caused  by  the  rods  g  A,  the  bell-crank  h  i  A,  and  the  swing-lever  /.  This  swing  lever 
stands  on  the  one  arm  of  a  bell-crank  m  n,  which,  with  the  assistance  of  the  rod  o  transmits  the 
motion  on  to  the  eccentric-pin  /  of  the  valve ;  in  this  manner,  the  valve  receives  both  a  straight 
and  a  circular  motion.  The  more  the  swing-lever  /  is  pushed  outwards  in  the  slot  of  the  bell- 
crank  i  A,  the  greater  its  declination,  and  consequently  the  greater  the  turn  of  the  valve.  In  this 
latter  case,  earlier  cut-offs  ensue.     The  rod  p  connects  the  swing-lever  /  with  the  governor. 

The  valve-face  has  only  one  exhaust-port;  but  each  steam-passage  on  the  other  hand, 
discharges  on  to  the  two  openings  «  *,  resp.  s^  s^.  The  finger-formed  edges  of  the  valve,  k  k  and 
^Jl  *i  are  the  working  edges,  and  these  are  curved  to  the  same  radius  as  the  corresponding  ports. 


9.    Edward  Earnshaw  &  Co.,  of  Niimberg. 

(With  illustrations  on  Supplement-Plate  X,  Fig».  4 — 10 ) 

The  Director  of  this  Company,  Mr.  L.  Haas,  has  for  a  number  of  years  used  a  variable 
expansion  gear,  invented  by  William  Earnshaw. 

The  steam  distribution  is  effected  by  one  slide,  arranged  on  the  cylinder  back,  perpen- 
dicularly to  the  engine-axis.  This  motion  is  generated  by  two  non-circular  discs,  shewn  at  a  and 
h  in  Fig.  5,  of  our  Supplement-Plate  X;  one  of  these  (a)  is  keyed  fast  on  a  vertical  axle,  whilst 
the  other  runs  loose  thereon.  The  fixed  disc,  effects  the  steam-distribution,  which  is  to  remain 
constant;  the  loose  disc,  on  the  contrary,  imparts  the  governor  motion  to  the  slide,  so  seonring 
variable  expansion.  One  slide  enables  this  to  be  done,  inasmuch  as  it  moves  by  sudden  starts, 
so  that  at  the  beginning  of  the  piston-stroke,  the  valve  opens  out  the  steam-admission  and  emis- 
sion ports  as  rapidly  as  possible.  At  the  commencement  of  the  expansion-period,  the  slide  merely 
returns  to  the  extent  required  for  the  steam-tight  shutting  off  of  the  admission  port;  the  exhaust 
port  becomes  thereby  only  slightly  reduced,  but  the  remaining  open  exhaust-area  is  suffioientlj 
large,  to  prevent  the  compression-period  taking  place  too  soon,  as  our  Fig.  1 13,  explains.  Towards 
the  stroke-end,  the  valve  receives  another  sudden  motion,  which  completely  shuts  off  the  exhaust- 
port,  simultaneously  effecting  a  change  in  the  steam  distribution,  which  then  again  repeats  itself 
as  just  described.  To  ensure  that  with  the  position  of  the  valve  (Fig.  1 13)  corresponding  to  the 
expansion-period,  no  steam-admission  or  emission  may  take  place  in  the  passage  A^  the  external 
valve  edge  must  cover  the  port  A  by  ^,  whilst  the  internal  valve-edge  must  overlap  the  same 
by  h. 
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The  iioD-oircular  diBC8  with  the  surrounding 
Supplement- PI  ate  X.  To  describe  the  curves,  we  have  added  Fig*  10-  At  the  commencement  of 
the  stroke,  the  valve  is  to  move  to  the  extent  of  say  jr  from  right  to  left,  as  also  shewn  in  Fig,  113. 
Therefore,  if  a  point  of  the  valve  be  at  w  just  before  the  stroke-comniencenient,  then  on  Btarting, 
this  point  may  be  at  lUy  and  m  n  =^  j\  At  this  moment,  steam  entera  through  the  full  port-area, 
and  the  valve  remains  stationary.  Expansion  must  now  commence,  after  the  crank  has  moved  to 
the  extent  of  angle  S  from  its  dead-centre.  The  disc-curve  must  therefore  describe  an  arc  of 
radius  o  m,  during  this  rotation.  Then,  with  the  commencement  of  the  expansion,  the  valve  is  to 
be  motioned  to  the  extent  of  a  -|-  k  from  right  to  left,  and  as  in  this  new  position,  the  valve 
remains  stationary  close  up  to  the  stroke  end,  the  form  of  the  disc  in  the  arc  1 — 2  is  a  circular 
arc,  whose  centre  is  at  o^  and  whose  radius  is  smaller  to  the  extent  of  (a  -f  *)  than  o  m.  Owing 
to  the  distance  of  two  points  on  the  opposite  edges  of  the  disc,  remaining  constant,  the  form  of 
the  second  half  of  the  disc  gives  itself,  and  consequently  during  the  distance  13,  the  exhaust 
becomes  reduced. 

To  obtain  expansion,  a  change  of  the  angle  rf  without  disturbing  the  other  working  parts, 
is  all  that  is  required.  This  is  attained  in  a  constructive  sense,  by  the  application  of  two  discs, 
one  of  which  (a)  is  fast,  whilst  the  other  (h)  rotates.  We  have  represented  these  discs  over  each 
other  in  Fig.  8.  The  rotary  or  expansion  disc  shewn  vertically  shaded,  has  the  following  form: 
An  arc  of  radius  o  m  surrounds  the  angle  a;  the  arc  of  radius  ^^  r  the  angle  of  1^0"  and  the 
remaining  jjortion  has  a  radius  =  r  +  a  -f-  Xr,  The 
horizontally  shaded  area  in  Fig.  9,  gives  the  form  of 
the  rigid  disc  a.  We  notice  here,  that  the  earliest  cut- 
off depends  on  the  choice  of  the  size  of  the  ^  a.  In 
Fig.  9  the  disc  A,  is  turned  to  the  ^  ji\  owing  to 
^  ^  ^  ^  a  the  circular  border-line  is  interrupted, 
which  has  however  no  effect,  as  the  valve  lies  horizon- 
tally.     The  motion    of  the  slide    only  ensues  in  crank- 

positiuii  1  (Fig.  a)  when  the  borders  of  both  diKcs  correspond  to  each  other.  The  shaded  portion 
of  Fig.  5,  indicates  the  opening  of  the  steam  admission  and  emission  with  latest  cut-off,  which  cut- 
off therefore  varies  between  the  limits  of  0*1  and  0*9.  The  Trick-valve  shewn  in  Fig,  6  is  generally 
used  in  this  arrangement,  and  in  the  position  drawn  in  our  Fig.  7  the  slide  is  at  rest.  The  distri- 
bution of  the  steam  takes  place  in  the  following  manner  according  to  Fig,  5:  In  the  crank-position  1, 
expansion  begins,  in  2  compression  commences,  in  3  we  have  steam-emission  and  in  4  steam-ad- 
mission^  The  two  discj?  —  Fig.  5  —  determine  the  positions  2  and  3,  on  account  of  the  curves 
in  question  just  covering  each  other;  hence  it  is  merely  the  disc  «,  which  effects  this. 

Concerning  the  proper  dimensioning  of  the  slide,  we  may  observe,  that  according  to 
Fig.  113,  the  extent  of  the  travel  .r  =  c  +  d.  In  order  that  with  the  greatest  declination  of  the 
valve,  the  exhaust  port  cio   ^^y  remain  open  at  the  very   least  to  the  extent   of  the  width  «,  we 

K  muat  have    */  +   d  <  //  -f  a^,    hence    r/^,  >  a  +   d  -^  h.     The  length  of  the  slide  L  =  k  -}-  a 

m+  ^  b+  a,,+  c  +  d. 
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Fig.   113. 
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lO,    Elirliardt  iV  Seliiiier,  of  3Ialilstaclt-Saarhriiek(*ii. 

The  slide-valve,  patented  by  these  Engineers,  belongs  to  this  division  in  this  respect,  that 


its  construction  and  application  were  designed  with  a  view  of  evading  the  defects  the  slide-valve 


m 


presents,  when  working  with  early  cut-offs,  and  variable  expansions.  Inasmuch  as  the  externa 
valve -gear  may  form  any  kind  of  expansion -gear,  we  may  confine  our  remarks  to  ih 
slide  itself. 

The  slide-valve,  shewn  in  our  Pigs.  114 — 119,  must  be  looked  upon  as  an  improved  Trie fc-j 
valve,  with  this  difference  that  in  the  present  case,  the  exhaust  is  made  independent  of  the  variabUV 
function  of  the  admission,  so  as  to  prevent  inadmissible  compression.    In  order  to  effect,  a  moderate 
advance  of  the  steam-exhaust,  and  a  moderate  compression,  when  working  with  early  cut-off,  thl 
valve  is  divided  into    two  parts,   each  of  which  forms  a  D-slide.      The  inner  valve  A  covers  th 
exhaust  port,  and  merely  effects  the  steam -exhaust;   on  the  other  hand,   the  outer  valve  encirelt 
the  inner  slide  completely,  and  effects  the  steam-admission.   It  is  connected  with  the  external  valre 
gear  mechanism  by  the  rod  C    The  outer  valve  is  consequently  worked  direct,  whereas  the  inner 
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Figfi.  114—119. 

elide  is  dragged  by  the  former;  a  certain  amount  of  play-space  is  always  between  the  two 
BO  that  a  double-admission  takes  place  as  in  the  Trick  valve. 

The  motioning  of  the  inner  slide  which    is  guided  on  ledges,   is  due  to  projecting  Ingi  • 
cast  on  the  outer  valve;   these  lugs  are  made,  so  that  they  may  always  leave  the  neoeasaiy  widi 
of   the    exliaust-port  between    the  two   valves.     To   deaden   the    noise    ensuing    from    this  U] 
motion,  two  flat  steel-springs  are  used   to   form  an  elastic  cushion.      This  same  principle  of  drt^ 
valve,  may  also  he  employed  for  piston  or  disc- valves. 

In  the  position  represented  by  our  Fig.  114,  both  valves  are  on  their  centres,  whereby  tht 
reciprocal    contact   is  eliminated;    this  could  however   never  occur  whilst   the  valve  was  workii 
On    the   other  hand,   Fig.   115    represents   the   manner,   in  which    the    valve    A    is  dragged   in 
direction  of  the  inscribed  arrow,  so  that  the  admission  port  is  already  long  closed,  whilst  th©  e: 
still  continues. 

The  circular   diagram  of  this  valve    is  shewn  corresponding  to  cut-off  at   half-etroke^ 
Fig,   120.     It  allows  itself  to  be  drawn,  in  respect  to  the  admission^  precisely  as  the  diagram 
the  ordinary  slide  does,  and  in  our  illustration   r  ^  the  eccentricity,  whilst  i  ==  advaace-angk 
The  inner  lap  is  not  directly  marked  from  o,  but  once  in  a  positive,  and  once  in  a  tiegatiire  directioc 
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to  the  radius  of  a  circle  Oif,  the  radius  of  which  equals  the  extent  of  the  valve-drag  a.  If  we 
obeerve,  that  according  to  Fig,  114,  the  outer  slide  has  to  move  to  [^  +  i),  so  that  the  exhaust 
may  begin,  whilst  this  exhaust  port  is  just  closed  when  the  outer  slide  has  moved  to  the  extent 
of  (9  —  i)y  we  get  a  circle  of  radius  is  -^  i\  whose  negative  part  in  the  poiot  of  intersection  with 
the  valve-circle,  marks  the  commencement  of  the  steam-exhaust,  whilst  a  circle  of  radius  {s  —  t) 
indicates  the  termination  of  the  steam  exhaust     The  duration   of  this  exhaust,    may  be  surmised 
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torn  the  shaded  imder- 
'  portion  between  the 
crank-positions  3  and 
2.  The  favorable 
steam- distribution  of 
[this  valve-gear,  is  at 
llince  apparent.  Cutting 
[off  at  half-stroke,  we 
BCeive  an  expansion 
Df  46  per  cent,  whereas 
le  premature  steam- 
lexhaust  merely  ex- 
ends  over  4  per  cent  of  the  stroke,  while  compression  is 
imited  to  7*4  P^^  cent.  Consequently,  the  steam-exhaust 
iim-ing  the  piston-stroke  calculates  itself  to  92V2%' 

We  are  enabled  to  see  the  action  of  this  valve- 
rag  in  a  still  more  satisfactory  manner  in  the  elliptic 
igram  drawn  in  our  Fig.  121*  Here  the  steam-adraission 
indicated  in  the  upper  portion,  such  as  we  should  find  it 
nth  the  Trick  slide-valve;  the  valve  paths  are  to  be 
len  two-fold,  to  receive  the  true  steam-passage  area; 
le  latter  is  smaDer  than  the  area  of  the  port  a.  Our 
llustration  teaches  us,  that  this  cross-section  is  rapidly 
Ittained,  and  al'ter  remaining  constant,  also  diminishes  very 
ipidly.  The  bottom  part  of  the  Figure,  refers  to  the  ex- 
iust.  When  the  valve  i?,  has  travelled  from  its  central 
jsition  3/iS,  to  the  extent  of  [s  -f-  t)  to  the  right,  the 
chaust  begins  gradually  to  increase,  till  already  before  its 
reatest  deviation  =  r,  is  reached,  the  port  a  is  fully  opened 
nut.  The  inner  slide  -4,  remains  in  this  position,  till  the  valve 
has  travelled  over  the  distance  2jf,  which  conesponds 
the  piston-positions  from  0*15  to  0'73  stroke.  From  this 
position,  the  motion  of  the  inner  slide  is  again  indicated 
by  a  curv'ed  line,  whereas  the  movement  of  the  outer  slide  *'*k-  ^^i- 

proceeds  uninterruptedly  as  shewn  by  the  dotted  ciu*ve.     After  a  travel  ^=  {s  —  i),  behind   the 
itral  position  JfS,  the  port  is  olosed.     If  it  be  desired  to  repeat  this  action  during  the  next 
iston-stroke,  the  two  slides  will  now  be  moving  towards  the  left,    and  the  motion   of  the  inner 
Ida  will  have  again  to  be  traced  by  the  ellipse. 

For  moderately   high-speeded  engines    —   of  a  normal  piston-speed  of  6' .,  ft.    —  the  Ehr- 


*S»[ 


.  /^ 


5V^ 


70 


Imi'dt  wlide  may  be  said  to  effect  an  almost  perfect  steam>di8tributionf  and  on  account  of  \U  sim- 
plioity  it  adapts  itself  both  to  Stationary-i  Locomotive-,  and  to  Winding-engines  etc.    It  poasettti 

the  additional  advantage  of  being  steam-tight  in  a  remarkable  degfree;  for  should  the  admiAsioQ* 
valve  not  lie  flat  and  tight,  a  direct  leakage  ot  ateam  cannot  take  place,  inasmuch  as  the  i^em 
v^^ill  then  escape  just  on  to  that  side  of  the  piston,  where  it  is  being  required  —  i.  e.  on  tkr 
effective  steam-pressure  side. 


\h    Miiltiple-ejHiider  Eiisiiios,  working  witli  oue  Slide. 

We  may  close  this  section  on  Valve-gears  working  with  one  slide,  by  adding  a  Uw 
examples  of  Multiple-cylinder  Engines,  also  working  with  one  slide. 

■'Engineering''*)  published  a  small  Compound  Laxinch  Engine,  working  with  two  ^^Undfiis 
and  one  slide  valve.  Availing  ourselves  of  this  description  and  engraving,  our  Fig.  122  giv« 
us  a^  section  through  the  two  cylinders  and  valve  chest.     The  Engine  was  designed  and  patentwi 

by  Mr.  George  Kingdon,  of  Kingswear,  near  Dartuionth.  The 
principal  points  in  it  are,  a  single  valve  governing  the  »4- 
mission  of  steam  to  both  cylinders,  and  a  grooved  pisto*  wi 
which  obviates  the  necessity  for  a  high-pressure  gland,  therebr 
effecting  a  considerable  saving  of  space  as  compared  with  Hi^ 
ordinary  type  of  tandem  engine.  Both  cylinders  are  arrasgtl 
to  carry  the  steam  through  about  nine-tenths  of  the  stn^kly 
and  their  areas  are  made  proportional  to  the  number  ol  it- 
pansions  required. 

As  will  be  seen,  there  is  no  receiver;  the  steam  fMMan 
through  the  slide  valve,  from  the  high  to  the  low-presmtri^  of* 
Under,  and  while  doing  bo  is  prevented  from  cooling  by  tit 
steam  at  boiler  pressure  wnth  which  it  is  surrounded.  Th*-  nJ 
of  the  higli-pressnre  piston  is  formed  with  aiinular  groova*  luai 
projecting  rings,  which  rings  fit  the  wall  of  the  apertare  m 
^i  the  partition  plate  between  the  two  cylinders,  and  form  a  iteta- 
tight  joint  at  that  part,  whereby  the  usual  8tuffing-b4»x  ii»  <Kt- 
pensed  witli.  It  will  be  noticed  that  it  is  only  during  the  i]^ 
stroke  that  there  is  a  material  difference  of  pressure  an  ti«« 
two  sides  of  the  central  partition,  and  during  that  strtikc  tke 
*'***'  *''''^'  piston  rod  is  moving  towards  that  cylinder  in  which  the  hi^ii^^ 

pressure  exists*  Tliis  matt-'rialiy  increases  the  ufiiciency  of  the  arrangement.  During  th«*  d<vjin- 
stroke  leakage  around  the  piston  rod  from  the  upper  to  the  lower  cylinder  is  of  no  i*np«»rtAntf 
The  engine  can  of  course  be  made  either  with  equilibrium  piston  valve,  or  mth  the  ordinAfJ 
slide  valve,  and  the  arrangement  is  applicable  to  all  forms  of  compound  engines*  In  the  ct»  "f 
the  small  engine  shown  by  our  engraving  the  cylinders  are  not  steam  jacketed,  but  engUMi  ^ 
any  aiae  might  of  course  be  made  so. 

An  engine  of  this  construction  has  been  running,  '^according  to  Kngineering'\  for  «•* 
months,   and  has  given  complete  satisfaction   as  to  work   given  out  for  the  steam  nsed^  and  tif^ 
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regards  saving  of  truuble  and  durability  of  working  parts*  In  this  engine  15  indicated  horse 
power  have  been  given  out  from  a  high-preasure  cylinder  of  3%  in.  diameter  and  7  in.  stroke. 

The  Engine  of  Mr.  Dubuc  of  Pa^-is,  as  illustrated  on  our  Supplement-Plate  22,  Figs.  1 — 4, 
works  nn  the  eonipound-principle*  The  steam  distribotion  at  eaeli  eylinder  is  effected  by  one 
slide,  hence  the  steam- expansion  is  constant.  The  governor  works  on  to  a  throttle-valve,  whence 
the  steam  passing  throiigh  the  shut-off  valve,  enters  the  valve-chest  of  the  high-pressure  cylinder 
After  performing  its  duty,  the  steam  enters  the  receiver,  which  is  formed  by  the  space  cast  under 
the  cylinders,  and  the  steam  is  then  conducted  into  the  valve  chest  of  the  low-pressure  cylinder. 
After  expanding  to  about  atmospheric  pressure,  the  steam  is  next  allowed  to  escape  into  the 
atmosphere.  This  steam-action  takes  place,  when  the  two  oock-valves  shewn  in  Pig.  3  —  Supple- 
ment-Plate 22  —  are  open;  the  additional  arrangement  has  been  made  to  allow  each  cylinder  to 
work  independently  uf  the  other,  when  this  is  required.  Thus,  if  the  small  c^'linder  is  to  work 
by  itself  J  the  valve  leading  to  the  large  cylinder  is  closed,  and  t!ie  cock  shewn  in  section  under 
the  receiver  is  opened,  allowing  the  steam* to  escape-  If,  on  tlit^  other  hand,  the  low-pressure 
cylinder  is  to  work  alone,  then  the  valve  shewn  in  Fig.  1  is  opened,  so  causing  the  stream  to 
enter  direct  into  the  steam-chest  of  the  large  cylinder,  whereas  all  the  cocks  shewn  in  Fig.  3 
are  closed.     Li  all  the  three  cases,  the  steam-supply  is  regulated  by  the  thrnttle* valve. 

The  single  acting  Compound  (Jonpled  Engines  of  Messrs*  Macabies  Thiollier  &  Gu^raud 
of  St.  Chaniond,  is  of  the  trunk-type  (as  our  Figs.  1 — 3,  Supplement-Plate  IV,  shews),  possessing 
neither  piston  nor  cross-head.  High  and  low*pressure  cylinders  are  cast  in  one,  and  a  oast-iron 
oonnecting  rod  is  nsed,  as  th<'  same  is  only  subject  to  compressive  strains.  Two  D-s3ides  working 
off  eccentrics,  effect  the  steam-distribution.  The  port  for  live-steam  is  marked  with  1,  and  through 
the  port  2  the  steam  of  the  high-j pressure  cylinder  of  the  one  engine,  is  led  to  tlie  passage  3^  of 
the  low-pressure  cylinder  of  the  other  ejigine,  because  the  pistons  of  the  two  engines  run  in 
opposite  directions.     The  ports  4,  exhaust  into  the  open  air. 

The  single  acting  Compound  Engines  built  by  Messrs.  Valck-Verey  of  St,  Di^,  after  Valletta 
patent,  w^ell  deserve  the  name  of  "box-engine";  one  of  these  engines  is  illustrated  on  Supplement- 
Plate  IV,  Figs.  4  —  5.  Though  merely  possessing  one  cylinder,  still  during  the  one  stroke,  the 
live  steam  is  passed  through  the  port  1  on  to  the  ring- formed  piston  surface,  to  be  subsequently 
led  for  the  returning  stroke  behind  the  larger  back  piston-area  through  the  port  2;  the  steam  is 
next  allowed  to  pass  into  the  atmosphere  through  port  3.  The  connecting  rod  is  formed  in  the 
irtyle  of  n  buckle,  and  the  eccentric  is  motioned  by  a  counter-crank-pin.  With  a  boiler-pressure 
of  6  atm.  and  a  9*84  in  (250  mm.)  stroke,  and  running  at  151)  revs,  per  min,  the  main-shaft  throws 
foff  12f',  Hf\ 


B,    Engines  working  with  two  or  more  Slide-valves. 

1.    ExpauHioii-vtilve  working  on  H\(*d  siirfiiee  (Boulile-eliaiubereil 

Vahe-rlieHt) 

Valve*gears  working  with  two  valves,  owe  their  origin  to  the  fact,  that  the  compression 
>f  the  wteam  in  front  of  the  piston,  such  as  we  have  found  to  occur  in  the  valve-gears  working 
fitb    one   slidti,   is   detrimental    with    high    expansion.      As  a  ni\L\    in  these  valve-geara,   the   dis- 
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tribiition  *>f  the  steam  proceeds  in  such  a  manner,  that  the  expansion  valvo  only  effect*  the  item 
cut-off,  whereas  the  be^nning  of  steam- ad  miss  ion  as  well  as  beginning  and  termination  of  tb 
exhaust  are  regulated  by  the  distributing  or  main-slide.  .  The  corresponding  valve-gears  may  W 
classed  into  two  divisions.  In  the  one,  we  find  two  steam-chambers,  placed  over  each  other;  tb 
bottom  chamber  contains  the  main-slide,  whilst  t]w  top  chamber  has  the  expansion-valve  slidin£ 
on  a  kind  of  grid  dividing  these  two  chambers.  In  the  second  division,  the  erpansion-Talve  i^  ^ 
made  to  slide  directly  on  the  back  of  the  through  ported  main-slide,  and  only  one  vmlve-cM^| 
is  appended,  ^\ 

Engines  working  with    these  double-chambered  valve-chests,    are    now    seldom  ooustmcted, 
but  the  arrangement  of  one  of  these  valve-gears  is  shewn  in  Fig.  123.    The  main^slide  A  is  hm, 
worked  as  usually  from  an  eccentric  (of  an  advance-angle  ^  rf,    and  eccentricity  =  r)   whilati 
second  eccentric    (of  eccentricity  r^    and  advance-angle  S^)    drives  the  expansion-^^alve.     To  lei 
the  function  of  the  expansiou-valve,  we  may  again  apply  the  circular-diagram  (Fig,  124).    We 
adopted  the  same  lettering   to  the  expansion- valve  magnitudes,  as  we  have  before  applied   to 
main-slide,   excepting  that  we  have  appended  an  o  thereto,   as  shevni  in  Fig.  124-     Assuming 
valve  B  to  be  on  its  central  position,  we  have  taken  x  to  equal  distance  of  the  working  edg^s  1 ; 


-  s^ 


Fig.  128. 

(Fig.  123).  If  a  circle  is  described  round  0,  to  radius  s,  and  a  second  concentric  circle  be  aimi 
drawn  to  a  radius  equalling  the  port  openings  ^^^y — (i,  e.  *  —  a^} —  then  the  points  of  intei 
of  these  two  circles,  with  the  valve-circle,  give  us  all  the  noteworthy  positions  of  the  lilidf*  In 
the  inscribed  crank  position  —  Fig.  124  —  No.  6»  steam-admission  begins,  which  must  alwir* 
take  place  before  the  dead-centre.  In  No.  8  position,  the  port  a  is  quite  opened  out,  and  in  oiak 
position  7  it  commences  tu  decrease,  which  contraction  is  completed  with  position  5,  whilat  eiliasit 
now^  begins.  If  in  our  diagram^  No-  1  indicate  the  crank-position  at  which  the  main-slide  A>t» 
the  admission-port,  then  it  is  evident  that  No.  B  may  not  come  before  Ko.  1,  as  otherwise  steia 
would  be  given  twice*  Similarly,  this  position  may  not  lie  behind  No.  4,  in  which  the  main-^Iiir 
begins  to  open.  For  this  reason,  the  obtaining  of  a  variable  expansion  with  this  valve-gesr  type 
is  ccmfined  to  very  narrow  limits. 

A  plate  is  often  used  as  expansion-valve ,  w  hich  plate  in  its  central  position,  co^rm  tfe 
port.  To  reduce  the  valve  stroke,  it  is  well  to  arrange  several  port«  side  by  side,  which  axt  tta 
covered  by  plates  held  together;  in  this  manuer  we  obtain  the  so  called  "grid-valvea"  as  npnMsli' 
in  our  Fig.  125*  Here,  «  merely  denotes  the  external  lap,  with  which  the  oirele  is  desmM  i^ 
in  Fig.   124.     The  chief  objection  rightly  raised  against  the  double  chambered   valve-chest,  ii  tW 
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the  sttiani    in  the  main-slide  chest   takes   part  in  the  expansion ,   whereby   the  injurious  effects  of 
the  clearance-space  are  considerahly  augmented, 

The  expansion  is  most  simply  altered  in  these  gears,  by 
turning  the  expansion  eccentric,  —  i.  e.  by  changing  the  ad- 
vance angle  c^*  It  is  advisable  however,  so  as  to  extend  the 
limits  of  expansion  as  much  as  possible,  to  alter  the  eccen- 
jtricity  r»„  simultaneously  with  the  advance  angle  df^j,  in  Avhich 
case  the  centre  of  the  valve-circle  moves  in  a  curve,  or  Jo  and 
r^,  are  not  interfered  with^  but  the  distance  jt  of  the  working 
edges  of  the  valve  is  changed.    All  expansiou-mechanisms  may  *^*^*  ^^^' 

be  traced  back  to  one  of  these  three  cases,  as  will  be  rendered  apparent  in  the  following  examples. 


**  5  "" 
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1.    MaseWiieubau-ActleiigeseUseliaft  (late  Daiiek  &  Co.)  of  Prague. 

(With  niufltrations  on  Supplemetit-t'late  4^  Figs»  1 — 6.) 

The  Eoiling-mill  engine  illusti'ated    in  Supplement-Plate  4,   Figs.  1 — 6,   and  made  by  the 
I  forementioned  Engineering  Pirm,   merely   allows   the  expansion-eccentric   to  be  turned   whilst  the 
engine  is  stopped,  and  we  thereby  obtain  a  range  of  variable  expansion  between    10  and  50%  of 
Itlie  stroke. 

The  main-slide  is  of  the  double-ported  t}^pe,  whereas  as  shewn  by  Fig.  4,  the  live  steam 
[may  be  conducted  thereto  in  two  ways;  for  according  to  the  position  of  the  oscillating  valve  — 
I  not  inserted  in  our  drawing  —  the  steam  is  either  taken  to  the  main-slide  directti/^  whereby  the 
'  expansion- valve  is  not  used,  or  indirectli^  through  the  ex  pans!  on- valve,  which  occurs  with  the  empty 
I  running  of  the  rolls.  The  expansion-valve  face-bearing  is  inclined,  and  furnished  with  three 
\  slits,  over  which  a  grid-valve  slides.  This  arrangement  has  no  doubt  been  adopted  owing  to  the 
[reduced  friction  due  to  the  small  eccentricity  applied. 

This  massively  proportioned  engine  has  a  cylinder  bore  of  31'10  in.  (700  mm.)  and  a  stroke 
[of  49'5  in,  (1:260  mm,);  running  at  80  revs,  per  min.,  its  average  piston-speed  calculates  itself  at 
J'36  m.)  per  sec.  To  enable  the  valve  spindles  to  be  brought  sufficiently  close  up  to  the  cylinder, 
[the  eccentrics  are  keyed  on  a  separate  shaft  driven  by  a  couple  of  equally  sized  wheels  (43*37  in. 
=  1100  nim^l  off  the  crank-shaft.  This  eccentric-shaft  runs  in  bearings  east  with  the  bed-plate. 
^^Noteworthy  is  the  design  of  the  sliding-hlock,  which  is  made  flat  at  the  top,  hot  furnished  with 
Hik  gutter  at  its  under-side  to  prevent  the  lubriQating-oil  from  dripping  off  the  sliding  surface.  Our 
BFig.  i^,  similarly  shews  the  plan  adopted  for  fastening  the  motion  bars  to  the  engine-bed,  and  in 
^Tt^ig.  6,  we  have  a  section  through  the  crank-shait  bearing. 


f  2.  Davey,  Paxmaii  and  Co.,  of  ColeliesHter. 

V  (With  UlaBtTiilioni!  vn  8uppkroeut*Pkte  XI,  Figs,  1—6.) 

This  expansion-gear,  applied  by   the  forementioned  Firm  to  Portable  Engines,    is  worked 
om  the  sliding  collar  of  the  governor. 
The   engine   which   we  illustrate   on  Supplement-Plate  XI,   Figs,  1—6,    was   exhibited   at 
Boyal  Agricultural  Society's  Show    at  Kilburn  in  1879,  and  has  not  up  to  the  time  of  writing, 
leen  improved  upon.      "The  Engineer"*    in  commenting   on   this  construction^    states  that   it  may 


♦  f1,  4  July,  1879,  pf.  6. 
Ukland-Tolbautuj),  Steam- Etigineii, 
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be  remembered  tiiat  st  the  Cardiff  Show  in  1B72,  this  Piim  sent  a  portable  tiiigiiie  fcff  tml,  wkid 
gave  an  excellent  duty.  It  was  the  first  racing  engine  evm  made  by  tiie fim,  aad  bad  noticnik 
shaft  bearing  been  sorewed  down  too  tigbt.  and  heated  in  oonsegnenoe,  it  would  bare  aude  m 
of  the  best  performanoes  tm  tbe  brake  on  reourd.  lis  rawihaniRal  time  was  4  bmoa  18*17  m^ 
and  its  consumption  of  fuel  but  3*33  lb.  of  ooal  per  barae  per  bmir.  Tbe  boikr  enpontei 
9*97  lb*  of  water  per  pound  of  ooal,  or  about  1*SS  lb.  leas  than  that  of  the  fizBt-pnae  engine,  a; 
say,  11  per  oenl  len.  Had  the  boilers  been  equalhr  efEieient,  MeoBrs.  Davey,  Paxman  A  Ci.'i 
engine  would  have  made  over  4^4  hours  medianicsal  time.  13iiB  exoeUent  pecfonBaiiee  was  te 
in  large  measure  to  the  use  of  a  gridinin  out-off  Talve  walked  by  a  double  cam  011  the  cmk 
shatt  The  expansion  curve  obtained  by  ibis  means  was  very  perfect;  indeed  no  better  diagnai 
were  obtained.  There  were  however  oertain  drawbacks  to  this  method  of  driving  a  cat-off  tsItc; 
benoe  we  merely  shew  it  in  Fig.  1  lid  In  the  engine  ilhifitrated.  Mi.  Paxman  bas  retained  tk 
good  feiatures  of  the  gridiron  cut-i<ff  while  getting  rid  of  the  cam.  The  engine  is  li-borse  pown 
homontal^  of  the  girder  tA^.  l%e  arrangemeoats  for  sorting  up  Ibe  oroanhpad  beaxings  aad  tlioa 
of  the  crank  shaft  are  very  ingtmious  and  well  walked  ouL  The  Talve  gear  oonsiflts  of  an  (ff* 
dinary  slide  valve  with  full  travel  and  verr  little  lap  or  lead.  It  woa^  as  doae  as  possible  to 
a  partition  in  the  same  plane^  in  the  valve  box.   In  tbis  partition  ibxee  ports  are  made,  and  onr 

them  slides  a  giidiiim  Talve,  wbicb  is  the  cat-tf 
valve,  as  no  steam  can  get  to  the  main  or  distdr 
buting  Tahre  wltboul  p^— ^g  ffzBt  tbrougb  the  poiti 
in  the  partxticm  before  mnflMafid.  The  cutroff  vabe 
_  J^  is  driren  in  ibe  folkiwii^  way:  —  On  a  stud  in  tte 

^  frame    revolve    two  amall   laMMWitiiflB    pinned   to  ft 

toc»tbed  wbeeL  the  tms  of  ibeae  eooentrios  actule 
a  link  uniting  ibear  fMifit  «i  abawn  in  our  engnv]i( 
and  tids  "HnV  drives  "dv  ^^"^^^  of  tiie  cut-off  vabt 
^>x:  the  eraiik  AmA  is  iamd  a  wheel  juat  twice  tte 
autiBu^M^  ol  that  LiLUi^ji^  the  eooeatzioa,  which  bit 
Fig.  lu.  B  VT^/T^iMfi^    mhtt  Tw»  renlatMiia    for  one  of  the 

engine.  The  ec<;entri«»  uxt  <uiU^  pgwtiv^  «*fl  iuftpatire,  and  asr  si»  aet  that  while  one  tenb 
always  U>  kee})  tb^  out^<^  valvt  vp^  ijb^  wIk/J^  Mwit  a  steam  j^ctrt  »  f^em,  the  other  tends  eqasDr 
U}  keep  die  gridiron  port*  diiut  a  Lwwnr^rr  a  xuaixi  vteam  port  is  im9»«aed  by  the  aUde  nbt. 
Ax3<yirding  to  th*  position  of  thtr  Jink  ojw:  or  other  will  hare  most  ecasral  over  the  cutoff  viht 
A  high  speed  (sor^rxs^r  of  ti«;  ForUsr  type  is  ^x^nnwtbd  dirtet  to  the  e^  of  the  link  and  shifti 
it  to  any  required  position.  We  havir  w^en  this  engine  under  steam,  a^i  ifis  action  was  in  ctcit 
way  satisfaxjtory;  the  wheels  being  carefully  cut,  run  practicaDy  wiih«t  wiiae;  the  governor  ictt 
freely.  There  is  no  conjplication  of  part*,  and  altc^gether  this  mar  pohifa  be  regarded  as  one 
of  the  most  satisfaxjtory  automatic  expansion  gears  of  the  many  which  baT«  been  brought  out  rf 
late  years,  while  the  engine,  Uken  as  a  whole,  is  strong,  neat,'  and  aerrieeaUe. 


3.  CIl  Beer,  of  Jemeppe. 

/with  illtmtntimm  on  Sopplement-Plate  XI,  Fig».  7^ia) 

The  three  cylinder  engine  of  Mr.  Ch.  Beer,  iUustrated  in  Pigs.  7—10  (Ss^ement-FIate  XL 
ruiiiiiiig  at  187  revs,  per  min.  developed  25— G«  JIF.  according  as  the  ezpanaioift-gxade  was  alteisd 
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from  V4  to  ^jytli^  of  the  stroke;   this  change  in  the  cut-off  is  efl'ected  by  rotary-valves,    arranged 
over  the  valve-chests  containing  the  aliile- valves. 

I  Parallel  to  the  crank-shaft,  and  outside  the  engine-casing,  a  second  equally  fast  revolving 

shaft   is  arranged,    011   which    three    eccentrics    are    keyed,    for    working    the    three    slide-valves. 

Moreover  the  governor  is  driven  by  equal  bevel-gear  from  this  last  mentioned  shaft;  to  the  upper 

part  of  the  governor  spindle  a  bevel- wheel  is  fixed,  gearing  into  another  of  double  diameter;  con- 

Isequently  the  shaft  of  the  latter  will  revolve  at  half  the  crank-shaft  speed.    It  is  easy  to  perceive 

rfroiu  our  il lustrations,    that  tbe  rotary  cock- valves  are  worked  by  this  slow-revolving  shaft,    and 

;  consequently,  (and  to  balance  these  cocks  as  well)   these  valves  have  two  symmetrical  steam-ways 

[ioeerted,  which  alternately  fulfil  the  same  functions. 

To  effect  a  variable  expansion,    the  cock-s team- ways  and  their  faces  are  cut-off  obliquely, 
id  therefore  if  a  relative  advance  or  retreat  of  any  of  these  cocks  takes  place,  the  corresponding 
iding  snrfactfS  are  closed  sooner  or  later.     This  eliangeable  motion  is  transmitted  by  the  gover- 
[nor  direct  on  to  the  conical  driving  pinion. 


4.    A.  Salaba,  of  Prague. 

(With  Uliifitrationa  on  Supplement-PlMjc  4,  Fig«.  7 — 15). 
It  has  already  been  observed  that  valve-gears,  motioned  in  quick  starts,  may  answer  all 
le  requirements  attending  a  rational  steam-distribution.  The  40  IIP.  Engine  illustrated  in 
Figs,  7 — 15,  Supplement-Plate  4,  belongs  to  this  category.  The  two  halves  of  the  di%'ided  main- 
slide,  C  C  —  appearing  at  first  sight  to  move  in  one  valve-chest,  though  actually  working  in  a 
two*chambered  valve-box  —  are  brought  as  close  up  to  the  cylinder  ends  as  possible;  these  two 
halves  are  mounted  on  the  one  spindle  A  —  Fig.  12  — ,  which  passes  steam-tight  through  the 
valve-chest  partition  B,  The  passage  of  the  steam  from  the  one  valve-chamber  into  the  other  is 
[prevented  by  certain  grooves  cut  in  the  valve-rod. 

We  find  in  the  outer  valve-chest  />,  —  supplied  with  live  steam  through  the  inlet  F  — , 

[the  two  expansion-valves  EE^  similarly  fitted  to  one  spindle  and  receiving  their  motion  from  the 

eccentric-rod  &,  by  means  of  a  certain  mechanism  placed  in  front  of  the  valve-chest.    This  rod  G 

works  in  alternate  horizontal  directions  a  block  //  of  the  form  of  a  four-edged  pipe,  on  the  bracket 

K,    This  block  H  is  furnished   with   two  wedge-formed  knock-pieces  /J,   the  surfaces   of  which 

alternately  come  in  contact  with  the  inclined  planes  of  a  steel  double-wedge  i.     The  latter  is  so 

connected    with  the  prolonged    valve-spindle,   that   the   two   may  take   up   a  horizontal  movement 

[  together,  whilst   an  additional  vertical  motion   may   be  assumed   by   this   wedge,    which    vertical 

kBiotion  is  effected  by  the  rod  N  leading  to  the  governor. 

It  follows  from  the  preceding  remarks,  that  the  expansion-slides  E  E  have  no  continuouB 
I  movement,  but  on  the  contrary  an  irregular  motion  with  each  stroke,  which  lasts  till  the  wedge 
\  J  comes  in  contact  with  the  double-wedge  i.  It  is  further  evident,  that  the  valve  path  or  stroke 
will  depend  on  the  amount  of  play  *,  given  between  these  knockiBg  surfaces,  or  what  is  the  same 
thing,  the  time  diuring  which  the  valve-ports  remain  open  —  i,  e*  cut-off  —  will  similarly  be  de- 
pendent on  this  play  s.  The  more  this  play  5,  is  augmented,  as  caused  by  the  governor  raising 
the  double  wedge,  the  more  will  the  motion  of  the  expansion-valves  be  retarded,  and  cut-off  will 
ensue  correspondingly  later,  and  vice  versa. 
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Our  wood-cut  Fig.  127,  gives  us  its  valve-diagram,  under  an  assumed  cut-oif  at  V* ' 
A  is  thereby  the  valve-circle  of  the  main-slide,  B  and  Bj^  are  the  circles  of  the  expaQsion-^ooeatric; 
if  we  observe,  that  the  stroke  of  the  expansion  valve,  is  smaller  by  (i  X  s)  than  the  eooentric 
stroke  (=  2   }\X    ^^^  expansion^valve   on  attaining   its  maximal- deviation,   will  not  commence  ti* 

return,  until  the  eccentric  has  moved  over  a  distance  =  (2 «i. 

If  we  therefore    describe   a  circle   round   the  centre,    to  the 

y^^^'^'^^'^^Jr^T'^^^  radius  of  (ro  —  2«),  then  we  find  in  the  two  points  of  inter- 

^./'^^/^^/y^  \  section  with  the  circles  B  and  /ij,  the  corresponding  crank* 

positions  6*,  and  £,  at  which  the  expansion- valve  begins  to 
move.  The  commencement  of  the  stand-still  period  of  tkfi 
oxpansion-slidei  falls  in  the  crank-positions  2>,  and  F;  conse- 
quently motion  ensues  on  the  arc  from  C  to  />,  and  theo 
from  J^  to  F,  whilst  between  these  int^ervals,  the  slide 
remains  motionless. 

If  //,  (Supplement'Plate  4,  Fig,  12)  represent  the 
distance  of  the  working  edges  in  the  neutral  position  of  the 
slide,  and  if  we  describe  a  circle  to  a  raditts  =  (*  +  Af 
round  the  centre,  then  this  circle  encloses  an  area  (shewn 
horizontally  shaded),  the  radial  dimensions  of  which  represent  the  width  of  the  openings  in  the 
passages  0,  whereas  the  portion  shewn  vertically  lined  gives  us  the  extent  to  which  these  porti 
are  already  covered  by  the  valve.  We  perceive,  that  in  the  valve's  extreme  position,  the  one  u 
quite  closed^  whilst  the  other  port  is  quite  open.  According  to  the  dimensions  adopted,  we  obtaii 
a  minimum  cut-uff  of  10%  (with  a  ^^  o)  and  a  maximum  cut-off  of  72%  (with  6  -f^  *  =  r,,). 

The  Engine  here  illuKtrated  has  a  cylinder    of  15'75  in  (4U0  m,)   diameter,    with    a  strob 
of  27*5t>  (700  mm,),  and  it  runs  at  70  revs,  per  min. 
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5.   The  AUen-Eiigiiie. 

(With  UluBtratJuQS  on  8upplemeiit-i-ltUe  5-) 

The  Allen-engine,  owes  its  fundamental  proportioning  to  Mr.  Charles  T.  Porter  of  Boiton 
It  attracttid  much  attention  at  the  first  International  Exhibitions  of  London  and  Paris,  bccsiiM^ 
independently  of  its  peculiar  design,  it  worked  at  a  speed,  which  up  to  that  time  had  not  beei 
practically  attained,  A  quick  and  yet  noiseless  working,  in  connection  with  a  Porter-goraiMir, 
reacting  on  an  expansion  gear,  are  the  chief  characteristics  of  the  Allen-engine* 

It  belongs  to  the  engine-group  we  are  now  discussing,  inasmuch  as  its  expanaion-valrt 
—  performing  the  steam-admission  —  also  slides  on  a  statiouar^^  surface.  Each  part  of  tlw 
divided  slide,  which  is  designed  far  outwards  on  each  cylinder-end,  to  shorten  the  steam*pcftik 
consists  of  a  rectangular  frame,  running  steam-tight  between  its  ports-surface  and  a  bac*k-pizlip' 
tion;  it  is  thus  balanced,  and  in  opening,  simultaneously  produces  four  passages  for  the  steUL 

We  have  repeated  two  designs  of  the  Allen-engine  on  Supplement*Plate  5,  of  whifii 
Figs*  1 — 4,  represent  the  older  construction  of  Whitworth  &  Co.,  of  Manchester,  who  hare  no* 
discontinued  its  build.  The  far  improved  macliine  of  Chn  Porter  is  shewn  in  Pigs.  5—8,  of  Ifct 
same  Plate<  As  will  be  observed  the  two  valve-gears  applied  to  these  engines  differ  gi^J 
from  each  other.     In  the  older  design,    the  eccentric   is  keyed   under  an  advance  of  90^  or  t^ 
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metrically  opposite  to  the  crank  on  the  crank-shaft;  a  Fink  link  a  is  attached  to  the  eccentric 
Btrap,  and  it  is  placed  under  governor-control  through  the  rod  i>  and  lever  c.  In  addition,  the  rods 
I  d  ci|  are  also  connected  with  thia  link,  and  these  rods  work  the  inlet-valves  k  k^  by  means  of  a 
crank  mechanism  and  the  spindles  e  *?|.  Each  of  the  adinisaion  -  valves  receives  its  own 
motion,  which  modified  by  the  governor^  necessitates  these  valves  to  open  out  the  ports  more  or 
less,  according  to  eixcumstances,  A  maximal  declination  of  the  link-block  answers  to  the  maximal 
cut-off  at  */j  stroke.  The  upper  end  of  the  link  is  rigidly  connected  to  the  rod  /,  which  througli 
the  intervention  of  the  crank  j\  works  the  exhaust- valve  spindles  5/  and  //,*  The  divided  exhaust- 
valves  /*  and  hi  lie  between  the  cylinder  and  the  admission- valves,  and  are  so  designed  as  to 
offer  two  steam-outlets  when  opening. 

This  Eogine,  of  11^81  in.  (300  mm.)  cylinder  bore,  and  22'84  in,  (580  mm,)  stroke,  can  run 
at  150— '200  revs,  per  min.,  which  corresponds  to  the  considerable  piston-speed  of  (2*9 — 38  m,) 
9^  6"— 12'  514"  per  second. 

In  the  new  "Allen-Engine"  —  Figs.  5—8  —  both  the  internal  and  external  valve-gear,  are 
altered.  The  two  admission-valves,  sliding  between  the  cylinder-core  and  the  valve-chest  covers, 
are  rigidly  connected  together  and  placed  close  up  to  the  cylinder.  The  exhaust-valves  are  ar- 
ranged on  the  other  cylinder  side,  and  are  worked  in  a  similar  manner  to  the  admission  valves, 
and  are  consequently  also  balanced.  The  exhaust  ports  are  larger  than  the  inlet-passages,  and 
are  designed  so  low  as  to  admit  of  the  condensed  steam  freely  passing  off  —  vide  Fig,  7  — % 

As  in  the  older  design,  so  also  here,  the  two  valve-systems  are  worked  by  a  PiBk-link, 
The  exhaust-valves  receive  their  immutable  motion  from  the  end  a  of  the  link.  Our  Figs.  5  and  (i 
shew  the  connection  effected  through  the  rod  //,  the  lever  r,  the  lateral  spindle  d  (passing  through 
(the  engine-bed)  and  the  valve-spindles  on  the  other  cylinder-side.  On  account  of  the  uniform 
motion  of  the  admission  valves,  only  one  rod  e  is  connected  to  the  link-block,  whilst  its  opposite 
end  is  made  to  unhang  for  starting  the  engine  by  hand. 

The  engine  shewn  in  Figs.  5 — 8,  has  a  cylinder  diameter  of  16  in.  (40^  mm.)  and  a  stroke 
of  30  in.  (762  nnu.).  It  runs  at  125  revs,  per  min*,  and  consequently  its  mean  piston-speed  equals 
;(Ba4  m.)  IV  2V  pel"  sec- 


(J.    Llndley's  Patent  ciit-ofl*  gear. 

This  gear   is  a  new  application   of  the   form   of  governor   known  as  Hartnell*8,    which  is 
[applied  by  Messrs.  Deakin,  Parker  &  Co.»  to  engines  of  moderate  sizCj  and  running  say  80  or  100 
revs,  per  minute  or  more. 

The  Hartnell  governor  as  made  by  the  last  mentioned  Firm,   for  small  engines  is  shown 
'in  Fig,    128,    a  and  a'    being  flat  steel    links  connecting    the  governor  weights   to  the  expansion- 
eccentric,    the  outward  movement  of  the  weights  of  course  twisting  romnd  the  eccentric,  and  thus 
altering  the  phase  of  its  motion  as  compared  with  that  of  the  main-eccentric,    and  cutting-off  the 

igteam  earlier.  This  governor  as  described  above  and  as  shewn  in  Fig.  128,  gives  excellant  results, 
when  carefully  made  and  the  springs  properly  adjusted.  At  low-speeds  however,  say  below 
80  revs.,  the  above  described  form  of  governor  beoomes  less  sensitive  and  less  powerful  and  is 
consequently  nut  well  adapted^  especially  where  the  engine  is  required  to  run  with  regularity 
under  any  great  variations  of  load ;  and  the  object  of  a  recent  patent  taken  out  by  Mr.  Lindley, 
(a  member  of  the  Firm  of  Messrs.  Deakin^  Parker  &  Co.)  is  to  enable  the  "drum"  govenior  to 
ihe  used  on  Engines  whose  speed  is  low  —  *».  ff.  40  or  45  revs,  per  minute. 
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f^ement  the  '^driim^-governor  ia  mounted  on  a  lay-shaft,  which  is  driven  by 
suitable  gearing  at  twice  the  speed  of  the  crank-shaft  of  engine.  The  expansion  eccentric  is  also 
mounted  on  this  shaft,  and  eoopled  up  to  the  weights  by  means  of  links  as  ahewB  in  Fig.  188. 
The  expansion-eccentric  therefore  makes  two  revolutions,  and  the  expansion- valve  two  re- 
ciprocations for  each  stroke  of  the  engine.  To  enable  this  arrangement  to  give  the  proper  di^ 
tribution  of  steam,  the  valve-chest  has  a  plate  fixed  in  it,  which  is  adjusted  so  as  to  bear  steam 
tight  against  the  hack  of  the  main-valve.  In  this  plate  on  the  inner  side  is  a  central  port  alwari 
in  communication,  with,  the  steam-passages  in  the  main-valve  and  through  them  to  either  end  of 
the  steam-cylinder  an  may  be  determined  by  the  position  of  the  main-valve. 

On  the  onter  face  of  the  central-plate  are  formed  one  or  more  ports  communicating  witJj 
the  central  cavity,  and  against  these  ports  slides  the  expansion-valve,  which  has  cut-off  edges 
corresponding  to  those  of  the  ports  in  the  plate.  The  cut-off  valve  is  single  acting;  that  is  to 
say,  steam  is  always  cut-otl'  at  the  same  edge,  consequently  the  steam  is  admitted  through  th^* 
plate  and  main-valve  to  the  cylinder  twice  only  in  each  revolution  of  the  engine,  or  once  in  each 

stroke*  The  amount  of  steam  admitted  to  the  cyliiuler 
at  each  stroke  depends  on  the  position  of  the  cut-off 
eccentric,  thus  at  the  earlier  cut-off  the  expansion^valrc 
is  on  the  point  of  closing,  as  the  main-valve  opens  U 
the  cylinder,  and  at  later  cuts  off,  the  main  and  cat  off 
,\\  valves  open  simultaneously  in  which  case  steam  b  cut- 
off in  the  steam  cylinder  at  about  half  stroke  or  If* 
according  to  the  amount  of  lead  given  to  the  vtlT»; 
some  of  the  advantages  of  this  arrangement  are- 

1st,     The   steam   is  cut  off  very  quickly  on 
count   of  the  accelerated  speed    of  rotation    of  the 
off  eccentric,  and  also  because  cut-off  takes  place  doriiig 
the  period  of  quickest  travel  of  the  eccentria 
2iiil.     The  governor   is  driven    by    ge 
thus  there  is  no  strap  to  break  or  slip, 
pj     J 28  *^*'*^-     ^^^  expansion  eccentric  being  on  a 

shaft,   is    much   smaller   and    lighter    than   asnil,  nJ 
therefore  takes  much  less  power  to  move  it. 

4.  Any  variation  in  speed  requtTcd  to  make,  the  governor  weights  more  through  tieir 
whole  path,  and  alter  cut-off  from  earliest  to  latest  point,  is  halved  in  the  speed  of  eagiiie  id 
its  regularity  c&mequendy  increased. 

In  the  40  H£\  (nominal)  horizontal  high-pressure  condensing  engine,  fitted  with  this  aote- 
inatic  expansion  gear,  and  illustrated  in  sidc-clevation  and  plan  in  Figs.  129  and  130,  the  Bed  is 
of  strong  cast  iron,  of  '^Box''  section,  with  all  seatings  for  cylinder,  slide  bars,  pedes! 
truly  planed. 

The  Cylinder  is  20"  diameter,  and  suits  a  42''  stroke;  it  is  made  of  hard  close  puad 
metal,  truly  planed  and  hcn^^d.  The  covers  are  turned  and  polished^  and  secured  to  the  crhnfe 
by  the  necessary  bolt*j  and  faced  nuts.  It  has  an  extra  deep  stuliing-box.  brass  seated,  witfc  i 
turned  and  polished  brass-bushed  gland.  In  addition  the  cylinder  is  lagged  with  silicate  gmUub* 
and  has  mahogany  strips  and  brass  bands. 
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Th€  crank  pin  is  of  Bessemer  steel  j  4"  diameter,  6*' long  in  bearing ;  it  is  shrunk  and  keyed  into  the  crank* 
The  crosshead  is  wrought  iron  with  jaws  slotted  out  of  the  solid  and  is  finished  bright   all  over 

The  connecting  rod  in  of  the  best  hammered  iron,  with  bright  wrought  iron  straps,  screwd 
gibe  and  cotters,  and  gun  metal  steps  at  each  end.     The  length  is  27^  times  the  stroke. 

The  Fly-wheel  is  80  cwts,  in  weigh t,  and  14  ft  diameter,  securely  keyed  to  Bhaft.  sped 
(»<>  revs*  per  minute.  The  Feed-pump  is  of  ample  size  and  is  worked  from  the  crosahead  pin 
The  valves  and  aeatings  are  of  brass. 

The  Condenser  is  of  ample  capacity  and  is  placed  behind  the  cylinder.  The  air-pump  is 
double  acting;  brass  grids,  guards,  bolts,  and  india-rnbber  valves.  The  piston  and  rings  arc 
entirely  of  brass,  and  the  air-pnmp  rod  covered  with  brass.  * 
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Fig.  131. 
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IL   Expaiisloii-valvei^,  working  on  the  !»aek  of  the  nmin-Hllde* 

(Doul)le-Ynlves.) 

This  group  comprises  the  so-called  Double* valves,  in  which  the  expansion- valve  B  — 
Fig.  131  —  slides  on  a  double  through-ported  main-slide  A.  The  latter,  driven  off  an  eccentric, 
would  perform  —  if  used  alone  —  the  same  steam-distribution  as  a  simple  D-slide*   If  we  presume 

the  bottom  slide  to  be  stationary,  and  the  top  slide  aloDr 
moveable,  then  the  steam- admission  and  emission,  will  tab 
place  in  precisely  the  same  manner  as  we  noticed  in  tie 
preceding  valve-gear  group.  But  as  the  bottom  slide  alw 
travels ,  we  have  here  to  distinguish ,  the  relative  movement 
of  the  expansion  slide  in  regard  to  the  bottom  or  main-slide. 
The  arrangement  of  this  valve-design  may  be  geen  froit 
Fig.  128,  though  we  must  presume  these  valves  to  ht  rni- 
coupled  from  their  eccentrics,  since  when  working,  the  tWii 
could  never  be  in  their  neutral  positions  at  one  and  the  «amt 
time.  The  main-slide  is  worked  off  an  eccentric  (with  tccen- 
tricity  =  r  and  advance-angle  =  S)  whilst  the  expacsiou' 
valve  is  driven  off  a  second  eccentric,  whose  eecentricitj'  anii 
^  advance-angle,  we  may  respectively  designate  by  i*n  and  t^^ 
the  valve-circles  of  these  two  are  drawn  in  our  Pig.  llJ^I 
The  first  of  these  circles,  described  over  0  2>  =  r,  m  nto 
is  the  main-slide  circle;  the  second  circle  of  radius  ^  0  B« 
==  /y,  refers  to  the  expansion -valve  circle;  the  chords  (^f 
these  two  circles  gives  ns  the  travels  performed  by  each  of 
these  slides.  The  "relative  declination'^  by  which  wi?  unte* 
Fig,  132.  stand  the  distance  between  the  centre  of  the  top  valve,  fron 

the  centre  of  the  bottom  slide,  represents  itself  as  the  difference  —  resp.  the  sum  —  of  the  tiiT^' 
increments.  The  first  ensues,  till  one  of  the  slides  (moving  in  the  direction  of  the  inscribed  an>)v) 
returns  on  its  central-position,  which  occurs  with  the  expi.nsion-valve  in  the  crank-positioD  U  f. 
corresponding  to  the  tangent  of  the  expansion-i^lide  circle;  from  this  position,  the  sum  of  the  t^ll»^ 
increments  will  represent  the  **relative  declination",  and  will  continue  to  do  so,  until  the  ouuiHli^i 

*  A  itiCKlilicfition  of  the  vsIym    Iti  this  annngemcnt,    jicrmiti  of  The  port^  belog  ahortened,    mad   of  Hit  dHM^ 
vpftees  twitig  redace4. 
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also  passes  over  its  central  position;  this  occurs  in  crank^positioo  0  Tj,  the  tangent  to  the  main- 
elide  circle.  Consequently^  the  relative  slide-travel  between  the  crank  positions  1\  —  T  and 
J*!  —  r.2  equals  the  tftfermce  of  the  travel-increments ,  whereas  during  the  intermediate  crank-po- 
sitions 7*' —  7\   and  T.^  —  1\^  this  value  is  composed  of  the  srtm  of  such  increments. 

If^  according  to  this  method,  we  draw  in  the  relative  dt'cllnations  as  radiu8- vector,  then  the 
same  become  encircled  by  a  circle  R  —  (providing  we  only  take  half  a  revolution  into  consi- 
deration) —  which  we  may  term  the  ^relative  dide-circle*\  The  diameter  and  the  position  of  this 
circle,  may  easily  be  determined  in  the  following  manner,  without  resorting  to  the  forementioned 
process : 

The  ends  1}  and  Dq  of  the  slide-circle  diameters,  are  connected  together  by  a  straight 
line,  and  through  centre  0  a  parallel  is  drawn  thereto.  The  '^relative  slide-circle"  diameter  coin- 
cides in  direction  with  this  parallel  line,  and  its  length  O  D,  ^=  D  D^^,  By  completing  the  pa^- 
faUelogram  0  D^^  D  D^^  over  tlie  eccentricitie^f  we  obtain  the  diameter  and  imsiiion  of  the  relative 
slide-eircle.  If  the  relative  slide-circle'  be  also  drawn  in  the  lower  portion  of  our  diagram,  then 
the  circle  shewn  in  Fig.  1 32,  gives  us  the  declinations  of  the  top-slide  over  the  bottom  slide  to 
the  right,  whilst  the  bottom  circle  would  indicate  this  to  the  left.  As  a  rule,  the  circle  0  1>, 
merely  requires  drawing  in. 

If  we  compare  the  diagrams  of  Fig.  124,  and  of  Fig.  132,  we  arrive  at  the  same  results 
in  each  case;  the  difierence  is  merely,  that  the  eccentricity  r^  must  be  keyed  on  with  negatim  ad- 
vance, when  the  expansion-valve  works  on  a  stationary  surface,  whereas  in  place  of  0  D^  ^  ro 
we  get  the  relative  eccentricity  0  D^  ^^  r^^  when  the  upper  slide  works  on  the  bottom  slide. 

It  follows,  that  if  a  circle  be  described  round  0  to  a  radius  equalling  the  distance  s  of 
the  working  edges  ^  Fig,  132  — ,  then  the  points  ol  intersection  of  this  last  named  circle  with 
the  relative  valve-circle,  will  indicate  the  positions  of  the  crank,  at  which  the  ports  of  the  main- 
glide  will  be  opened  or  closed  through  the  expansion-valve* 

A  change  in  the  expansion,  will  also  here  take  place  by  alteration  of  the  three  following 
magnitudes : 

IJy   by  altering  the  distance  a  of  the  slide-edges  working  together; 

2^y   by  altering  ol'  rf,,  the  advance-angle  of  the  relative  (ideal)  eccentric,  and 

31y   by  altering  its  eccentricity  r,. 
In  ordinary  practice,  fj,  and  S^^  are  simidtaneonsly  altered,  w^henoe  it  follows,  that  we  have 
to  deal  with  two  difierent  groups  of  variable  expansion  gears,  in  which 

a)  the  e^panmon  is  ttgnlated  by  altmny  hoth  tiirow  and  advance  of  the  ewpamMn-eceentrie.     In 
these  cases,  the  expansion-slide  is  usually  only  a  plate; 

b)  the  ejcpmmon  Is  regulated  by  filtering  tfie  di^tana  of  those  slide  edges  working  together.     Here, 
the  expansion-valve  is  usually  of  the  divided  type,  i.  e.  consists  of  two  adjustable  plates. 

We  may  first  deal  with  the  constructive  examples  of  the  first  group.  It  is  apparent,  that 
the  various  mechanisms  which  are  applied  to  alter  the  throw  and  advance-angle  of  those  eccentrics 
working  one  slide,  will  also  be  applicable  to  the  group  now  under  discussion,  As  a  rule  however, 
link-motion  is  utilised  to  this  end,  and  the  link  used  is  then  either  worked  by  one  or  two  eooen- 
trics.  The  application  of  the  link-motion  recommends  itself,  because  it  exercises  in  its  various 
positions  such  an  influence  on  the  valve-travel,  as  if  the  slide  were  worked  from  one  eccentric 
with  changeable  lead  and  variable  throw.  By  balancing  the  expansion- valve,  it  may  be  regulated 
direct  from  the  governor. 


j       wil 
■  dir 


The  valve-arrangements  for  these  gears  are  of  divers  designs,  still  similarly  to  the  dis- 
tinction we  have  elsewhere  adopted,  we  may  also  here  distinguish  expansion-valves,  which  in  tlwii 
central-position  have  opened  out  the  port  of  the  main-slide  to  the  extent  of  *  —  vide  Fig.  133  — 
from  such,  as  overlap  in  this  neutral  position,  the  port  of  the  main-slide,  to  an  extent  ===  9,  u 
inscribed  in  Fig.  131;  in  the  first  named  cases,  the  lead  angle  J^,  is  generally  larger  than  -4  ^1 
whereas  in  the  second  category,  the  expansion-eccentric  is  keyed  on  under  a  negative  advaoce- 
angle. 


Fig.  133.  Fig.   134. 

« 

In  drawing  the  corresponding  diagram,  it  might  appear  doubtful,  as  to  which  side  dk 
parallelogram  should  be  delineated,  so  as  to  obtain  the  "relative  slide-circles**  belouging  to  tk 
valve-circles.  In  answer  thereto,  the  rule  applies,  that:  the  diameter  of  the  relative  filide-cirele  ii 
obtained,  by  drawing  a  parallelogram,  whose  diagonal  is  the  main-slide  eccentricity  »•,  and  whose 
side  is  the  expansion-eccentricity  r^.  If  rf,,  and  r^^  are  now  simultaneously  altered,  the  reUtift 
slide-circle  will  be  altered  each  time,  its  centre  moving  accordingly  on  a  curve  or  on  a  strtigirt 
line-  By  way  of  an  example ,  this  curve  is  an  arc  described  from  the  diagram-centre,  in  the 
special  case  where  the  expansion-eccentric  turns  on  the  shaft.*) 


a.    Expansion-plate,  with  variable  throw  and  advance. 
!•   0.  A.  Blffar,  of  PYatte  (Italy). 

(With  inastrationfi  on  Supplfment-Flate  XII.) 

In  the  16  HR  Horizontal  Coupled  Engine,  illustrated  on  Supplement-Plate  XII,  the  g^ 
vemor  works  direct  and  turns  the  expansion-eccentric.  The  eccentrics  of  the  main-slidea,  axt 
keyed  on  the  crank-shaft  running  at  115  revs,  per  niin, ;  the  middle  of  the  crank-«haft  can  ^ 
worm-wheel,  which  gears  into  a  second  worm-wheel  mounted  on  a  separate  shaft,  c-arrying  a  L-  > 
wheel,  which  in  its  turn  drives  the  vertical  governor-spindle;  the  latter  is  worked  to  make  230  fi^ 
volutions  per  minute  (double  the  crank-shaft  speed).  The  weight  of  the  Porter-governor  hu  * 
worm-wheel  6'29  in.  (160  mm.)  in  breadth,  attached  to  its  lower  end,  which  always  geaiis  on  W 
a  shaft  on  which  the  expansion-eccentrics  are  keyed;  the  rising  or  falling  of  the  goveroar-balli 
will  thus  react  on  the  expansion  eccentric,  accelerating  or  retarding  their  throw.  The  tnin^ 
mission  caused  by  this  last  pair  of  worm-wheels  in  inversely  proportional  to  the  fir«t 
couple  on  the  crank-shaft,  so  that  the  expansion-shaft  is  made  to  rotate  at  115  revs.  j>er 

As  soon   as  the  governor-balls  rise,   this  effect  makes  itself  felt    on  the  continuous  rotiiT 
movement  of  the  expansion-shaft,  by  accelerating  the  motion  of  the  latter,   wherehy  the  negAtirr 


•j   In  ikiljng  vfhh  the  varioiiu  vftlvc-gewrfj  thes*  tmm  wiJJ  hn  specially  rerfrrert  to. 
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advance-angle  of  the  expansion-eooentric  to  the  orank  is  augmeqted,  and  earlier  steam  cut-off 
ensues.  Precisely  the  contrary  occurs,  with  falling  governor  balls.  By  sliding  the  counter- weight 
on  the  governor-lever,  the  engine-speed  may  be  altered  for  equal  ball-positions,  and  this  arrange- 
ment admits  of  a  variable  expansion  of  from  Vja***   to  Vj^i  of  the  piston-stroke. 


8.   Friedricb  &  Co.,  of  Tlepna. 

A  moderately  simple  expansion-governor,  is  illustrated  in  the  annexed  wood-cuts  Figs.  135 
and  136,  and  is  constructed  by  Messrs.  Priedrich  &  Co.,  of  Vienna.     The  expansion-eccentric  ^  is 
here  connected  with  an  eccentric-disc  /,  which  under  direct  governor-control,  alters  through  oscil- 
lating, both  the  eccentricity  and  the 
advance  of  the  expansion-eccentric. 

The  circular-disc  a,  cast  in 
one  with  the  main -slide  eccentric, 
has  two  arms  b  6,  carrying  two  pins 
cc,  which  serve  for  suspending  the 
weights  dd.  The  eccentric  disc  /  is 
connected  in  such  a  manner,  with 
these  weights  d  d  hj  certain  arms 
e  ^,  that  these  weights  after  over- 
coming the  tension  of  the  springs, 
are  able  to  turn  it  round,  and  as  the 
expansion  -  eccentric  is  fixed  to  the 
disc  /,  the  oscillation  of  the  latter  is 
transmitted  to  the  expansion-eccentric. 

The  weights  —  shewn  in 
their  lowest  position  in  our  wood- 
cut —  when  thrown  outwardly  — 
i.  e.  rising  — ,  cause  the  eccentric- 
disc  /  to  turn ,  and  the  centre  of  o, 
of  the  expansion-eccentric  is  thereby  pigg.  iss— ise. 

forced   to  move    on   the  arc  o  x,  but 

as  in  the  position  shewn  it  permits  of  the  latest  cut-off  admissible  taking  place,  it  follows,  that 
as  this  centre  o  is  shifted  and  the  advance-angle  increased,  so  the  resulting  cut-off  is  hastened 
on  to  take  place  earlier.  To  this  purpose,  however,  the  expansion-valve  when  in  its  central-po- 
sition, must  close  with  a  certain  lap,  the  ports  of  the  main-slide. 


11* 
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3.    A.  Eansome  &  (■o.,  of  London. 

(With  lUnMtratious  on  Supplement-Plate  6,  Figs.   1 — 5.) 

For  an  illustration  of  the  Horizontal  Engine  type  consti-ucted  by  Messrs*  A.  Bantiome  4 
To.,  of  London,  the  reader  is  referred  to  Supplement-Plate  6,  Pigs.  1—5,  but  as  this  engine  was 
already  described  in  Vol.  U,  page  154,  we  may  pass  on  to: 


4.    Ch,  Beer,  of  Jemeppes  <Belgiiiiii). 

(With  illtiiitr&tiona  ou  Suppleiueiit-PUte   10.) 

The    valve-gear    applied    to    the    heavy    conpled    Engines,    illustrated    in    Figs,    " — '22, 
Supplement-Plate  10,   effects  the  variation    in  its  steam  ont-off,    by  ehaoging  the  advance-angle  wf 
the  expansion-eccentric. 

The  steam-distribution  to  each  cylinder  is  performed  by  six  valves^  two  of  these  effectia 
adnussion,  another  couple  performing  emission,  and  the  remaining  two  serving  for  the  cut-off  — 
i*  e.  expansion-slide  — ,  By  thia  arraugement  the  clearance  spaces  are  reduced  to  a  minimum. 
The  admission  slides  are  provided  with  two  valve-spindles,  to  make  way  for  the  central  expAih 
sion-valve  spindle,  and  therefore  we  find  three  stuffing-lioxes  arranged  side  by  side. 

The  admission  and  exhaust  valves  are  worked  from  one  eccentric,  as  our  Figs,  13—1 
shew,  and  this  eccentric  is  mounted  on  the  crank^shaft.  The  eccentric-rod  (indicated  by  dotti 
lines)  is  connected  through  the  lever  «,  to  a  small  oscillating  spindle  A  (Fig,  21),  which  i» 
ported  in  a  long  sleeve  on  the  engine  bed;  the  other  end  of  this  sjiindle  carries  an  arm,  wliid 
is  attached  to  the  admission* valve  spindles  by  two  intermediate  rods.  The  exhaust- valves  v* 
driven  by  lever  and  rod,  off  another  spindle  B  running  underneath  the  engine-frame,  which  valvM 
are  connected  to  the  eccentric-lever  in  the  same  manner.  The  sliding  surface  of  the  valves,  ha?t 
two  slots,  to  afford  sufficient  opening  in  respect  to  the  small  valve-travel;  the  inner  slot  becon 
closed  it  is  true,  at  the  piston  stroke  end,  still  this  exercises  little  eflVct  with  the  slight  pist^ 
speed  we  meet  in  this  example.  The  exhaust  valves  placed  underneath,  slide  on  special  pktl 
screwed  on,  so  as  to  be  pressed  against  their  seating  by  the  steam. 

A  third  spindle  C  is  used  to  drive  the  expansion-valve.  It  is  mounted  close  up  ifT 
first  spindle  ^t,  and  receives  its  motion  oft'  a  rod  and  lever  c  from  an  eccentric  keyed  on  a  \hict 
shaft  K.  (Fig,  14).  This  shaft  K  is  worked  off  the  crank-shaft  by  the  lay-shaft  it  and  he? 
gear  (Fig.  15).  A  friction  disc  />  (Fig,  9)  is  mounted  on  this  lay-shaft  w,  against  which  the  Aik 
E  presses,  owing  to  the  weight  of  the  governor  to  w^hose  spindle-end,  it  is  fitted;  the  disc  E^ 
therefore  forced  to  participate  in  the  rotary  motion  of  the  disc  i*. 

The  eccentric  is  turned    by  the  following  mechanism-     The  bevel-wheel  F  (Fig.  7),  whi<i 
drives  the  lateral  shaft  if,  is  not  keyed  fast  on  the  latter,  but  works  on  a  brass  sleeve  H  (Fig.  U); 
this  sleeve   has  a  four  fold  thread,    which    fits   into    a  similar  thread    on   the  shaft   A',      M«  - 
this  sleeve  II  is  supported  by  the  governor-frame.    The  expansiou-eccentric  is  also  loosely  uui-.' 
on  the  shaft  K^  being  fixed  (as  shewn  in  Fig.  I*>),  in  this  manner,  the  expansion-ecoentrie  userth 
partakes  of  the  rotary  motion  of  its  shaft.     Each  deviation  of  the  lever  L   —   Fig.  7  —  tuotioo^ 
by  the  govenior,    effects    an   equal  axial  motion    on    to   the  shaft  A"*,    and    this    lateral  mo- 
on  account  of  the  steep  screw-pitch  in  the  wheel    E  effects  a  partial  turning  of  the  same:  ..- 
manner    an    increased    or     retarded    advance    of    the    expansion-eccentric    is    obtained    for  boA 
engines. 
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To  vary  the  working-speed   of  the  governor,    the  firiction-diao  D   on  the  shaft  n  is  made 
adjustable,  thereby  altering  the  velocity  transmission  between  the  discs  D  and  E, 


5*    Arthur  Kisj?,  Eugiiieer  of  Loiuloiu 

(With  illiwtmtiouis  ou  Supplemtjnt-Plfttt  X.) 

In  our  VoL  II,  pg,  133,  we  had  occasion  to  revert  to  Mr.  A*  Rigg's  Expansion  gear;  we 
now  snpplement  these  remarks  with  the  following  description  of  a  10  HP,  Horizontal-Engine, 
illustrated  on  Supplement-Plate  X.  The  expansion  is  here  kept  variable  through  a  gfjvernor, 
which  Ib  connected  with  the  expansion-eccentric  in  such  a  manner,  that  the  throw  of  the  latter, 
alters  the  speed  of  the  engine^  —  i,  e,  the  cnt-off  ^.  The  arrangement  of  the  engine  is  shewn 
by  Figs,  1—2;  in  Figs.  3 — 4,  we  have  the  details  of  the  cylinder,  and  in  Figs,  5 — 6  w^e  have  dravrn 
the  governor,  whereas  the  slides  are  represented  in  Fig.  10.  The  governor  forms  an  appli- 
cation of  Dod*s  wedge-motion,  and  its  details  have  already  been  described  in  the  notice  before 
allnded  to,  but  we  may  here  observe  that  our  Fig.  5,  represents  the  fly-w^eights  in  their  Uiwest 
pbsitifiii.  When  these  weights  extend  themselves  away  from  the  shaft,  the  eccentric  is  actuated, 
whereby  it,s  throw  is  increased,  and  cut-off  hastened  on.  In  constructing  the  diagram,  which 
shews  itself  at  its  best  under  an  angle  of  90"  between  expansion-eooentric  and  crank,  it  should 
be  remembered,  that  w^e  have  here  tu  deal  w^ith  a  divided  expansion-plate,  covering  the  ports  of 
the  main-slide  in  their  central  position,  whereas  these,  as  we  have  already  observed,  generally  are 
open  during  the  neutral  slide-position. 

The  live  steam,  enters  first  into  the  steam-jacket  of  the  cylinder  from  its  bottom  side,   so 
that  any  water,    which  may  have  accumulated    in  the  steiim  pipes,   is  not  taken    into   the  valve- 
chest;  a  passage  conducts  the  steam  on  to  the  top  of  the  valve -cheat.    To  prevent  the  spent-steam 
^from  cooling  the  cylinder  metal,  the  exhaust  passage  is  furnished  with  a  special  lining.     The  cy- 
Under  bore  amounts  to  10  in,  (254  mm.);  its  stroke  =  1   ft.  <>  in.  (457  mm.). 

U 

^^HT  We  extract  the  expansion  gear,  illustrated  in  Figs.  137^ — HI,  from  '^Dingler's  polyt. 
^journal".  It-s  inventor,  Mr.  Carl  Heinrich,  designed  it,  with  special  regard  to  the  requirements 
^  uf  High-speed  Engines.      The  main- valve  A  is  worked  from  a  lixed  eccentric  a,  whereas  the  eccen- 

■  trie  c,   drives    the  expansion-valve  rf;    this  eccentric  e   is  slid  on  to  the  shaft,   and  has   its   hole 

■  bored  with  play,  whilst  rotary  motion  is  imparted  to  it  from  the  fly-wheel  For  this  purpose, 
"   a  w*edge  -  strap  k ,    enables    it    to    slide    on    the    w^ht^el-boss ;    a    rod    rigidly    connected    with    the 

eccentric-ring  and  w^ith  the  fly-wheel-rim,  carries  the  governor  weight  ^,  the  centrifugal  action  of 
whdeh  brings  about  the  shiftiug  of  the  expansion  eccentric  on  its  wedge-strap  k.  In  this  manner, 
the  eccentricity  as  well  as  the  advance-angle  become  altered,  w^hich  action  is  best  confirmed  by 
our  Fig.  137. 

In  order  to  bring  back  the  weight  ^  when  the  engine-speed  is  again  slackened,  w^e  find 
a  spiral-spring  /  introduced,  and  rendered  adjustable  by  set-screw.  Symmetrically  arranged 
fur  balancing   purposes,    we  find  the  counter-weight  ^,    applied,    which    with    regard   to    the  va- 


6.  €arl  Heinrich,  Engineer  of  Praiorue, 


Moreover  to  balance  the  governor  still  niore  efficiently,  the  expansion  valve  is  iiitrodiicsti 
in  the  form  of  a  piston-valve,  which  runs  in  u  cylindrical  casing  of  tht^  nmin-slide.  As  it  is  m^ir 
sufficieotly  long^  it  merely  requires  grinding  in,  to  lit  steam-tight. 


7.   W.  Foster  it  (^k,  of  Liiieolu. 

Messrs.  W.  Foster  &  Co»,    have   applied   Mr.   Sam.    Starkey's  Patent  Expanaion^gear*)  to 

their  Portable  Enginea,  and  it 
is  this  gear  which  we  illtistrste 
in  the  annexed  Figs.  142 — lU 
We  here  find,  &t 
toothed  wheel  a  mounted  «« 
the  crank-shaft,  gearing  tnt^ 
a  second  wheel  b^  which  i« 
its  tnm  gears  into  wheel  *•- 
The  last  named  wheel  ism^ 
aufticiently  wide^  so  aa  to  gctf 
into  a  fourth  wheel  <£,  wlurk 
transmits  its  motion  on  to  a 
fifth  wheel  «?  mounted  loo«eh 
on  the  crank-shaft.  All  ib» 
toothed  wheels  are  made  ti* 
Piga,  142—144.  one  diameter,    so   that  wkeei 

e  revolves  equally  fast  with  wheel  a. 

The  wheels  A  and  t  are  supported    by  a  rod  ^,  which    is  connected   at  one    end   witk  tk 

•)  Vi«l€  Blue  UoolT  Specificatiun   A.  D,   187S^,  I'G  May.  Nu,  20»2. 


87 


governuri  and  permits  itselj'  to  be  movt^d  longitudinally,  inasmucli  as  its  otter  extremity  is  held 
suspended  ofl  the  centre  stud  of  the  wheel  //.  We  thus  perceive,  that  the  shifting  of  the  rod  /7» 
will  bring  about  a  partial  rotation  of  the  wheel  h^  independently  of  the  motion  transmitted  off 
the  wheel  u\  we  thus  oh  tain  a  motion  independent  of  that  of  the  crank^shaft.  This  motion  is 
transmitted  through  the  wheel  c  and  d  on  to  e^  which  is  thus  advanced  or  retarded  by  a  certain 
angle,  in  regard  to  the  wheel  a.  If  therefore  the  wheel  e  were  fixed  to  the  eccentric,  an-alteration 
in  the  advance-angle  would  result.  But  in  order  to  simultaneously  alter  the  throw,  a  small  ec- 
centric is  cast  on  the  wheel  e^  and  on  to  which  the  expansion-eccentric  may  be  said  to  sit,  being 
guided  in  its  motion  by  a  bracket.  In  conclusion  we  may  observe,  that  this  gear  may  be  applied 
with  at  least  equal  benefit  to  the  working  of  cams  for  lift-valves,  and  that  Messrs.  W.  Foster  & 
I  Co.,  find  its  working  very  satisfactory  in  driving  their  tool^shop. 


K,  A*  Duvergler,  of  Lyons. 

(With  iUnBtrations  on  Supplement-Plate  7,  Figs.  1 — y.> 

Reference  was  made  in  a  foot-note  on  pg.  14(>  of  our  second  volume  to  an  engine  ex- 
hibited by  Mr.  Alphonse  Duvergier  at  the  Paris  International  Exhibition  of  1878.  This  French 
Engineer  has  constructed  this  engine- type  in  about  150  examples,  reaching  up  to  23'62  in  (600  mm») 
cylinder-diameter.     They   are  less  noteworthy    in   the   novelty   of  their   construction,    than    in  the 

»  clever  and  well  thought-out  arrangement  of  their  details. 
The  valve-gear  is  link-motioned,  to  obtain  the  variable  motion  of  the  eccentric-  The  main- 
valve  —  Figs,  3  and  4  —  worked  from  an  eccentric  a,  extends  in  one  piece  over  the  entire  cy- 
linder length;  hence  the  steam-passages  are  kept  small,  and  the  clearance-spaces  reduced  to  a 
mijiimum.  We  find  the  expansion- valve,  also  cast  in  one  piece,  sliding  on  the  back  of  the  main- 
slide,  with  its  travel  rendered  unequal  according  to  the  engine-influences.  These  variations  in  the 
expansion-slide,  are  brought  about  by  the  mechanism,  shown  in  Figs.  3  and  4,  and  motioned  from 
the  main-slide  eccentric  a.  To  this  end,  the  laat  named,  carries  a  pin  l*  on  its  ring,  which  con- 
nects a  small  guide  rod,  with  a  bell-crank  A  moimted  loosely  on  its  shaft.  The  vibrations  ol  the 
up-lifted  arm,  are  transferred  by  the  rod  k  on  to  the  link  f,  which  oscillates  on  a  fiilcrum  situated 

■  close  up  to  its  middle*    The  link-block  d  slides  in  the  lower  link-portion,  and  it  is  connected  with 
"the  expanaion^slide  spindle  through  its  tail-end.     It  is  evident,  that  the  link-block  ti,   transmits  a 

smaller  travel  on  to  the  expansion-valve,  the  nearer  it  is  to  the  link  swing-centre,  and  vice  versa. 

■  The   drawing   in  and  away    of  the  link-block   from   its  swing-centre,   is  effected   automa- 
tically by  a  rod  and  lever,  inasmuch  as  the  prolonged  fork  of  the  rod  i\   is  connected  to  the  rod 

Ijf  at  the  point  /  But  to  render  this  alteration  equally  possible  by  hand,  the  rod  g  has  a  hand- 
wheel  fixed  at  its  upper  end,  w^hilst  its  lower  portion  is  provided  with  a  thread;  on  this  thread, 
a  nut  /  is  screwed,  which  forms  the  forked  end  of  the  rod  e  \  hence  by  turning  the  forementioned 
hand-wheel,  the  link-bloek  may  be  raised  or  lowered  in  the  link. 
The  action  of  this  valve-gear  explains  itself  in  Fig.  145,  the  lines  represented,  being  the 
centre-Unes  of  the  parts  above  named.  The  thick  lines  are  presumed  to  shew  the  middle  piston 
or  crank-position  /C,  whereas  the  dotted  lines  indicate  the  end  positions.  In  Fig.  146,  we  have 
attempted  to  represent  the  range  of  expansion.  O  D  again  refers  to  the  main-slide  circle,  and  e 
gives  us  the  external  lap-circle;  the  advance-angle  d^,  determines  the  direction  of  the  expansion- 
valve  travel.  This  travel  is  variable,  whilst  6^  does  not  alter.  O  i>(,  is  the  valve»ciiole  cor- 
I  responding  to  the  greatest  declination  of  the  expansion  eccentric.    If  we  draw  the  parallelogram  0/)o 
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D  D^^  then  0  A  i«  the  diameter  of  the  relative  slide-circle;  its  point  of  intersection  i,  with  the 
oirole  deacribed  to  a  diameter  equalling  the  distance  *  of  the  working  slide-edges,  round  0,  yields 
in  the  prolongation  of  line  0  i  Xo  R  m  the  position  of  the  crank  corresponding  to  the  commenod- 
ment  of  expansion;  we  have  here  the  latest  cut-off  attainable.  If  we  presume,  the  travel  of  the 
expansion  eccentric  diminished,  then  a  smaller  circle  than  OD^j  may  be  assumed  to  represent  such 
a  reduced  travel.     We  have  drawn  this  circle,   corresponding  to  the  earliest  cut-off,  and  therefore 
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Pig.  146. 
the  corresponding    relative  slide    circle's    point    of  intersection   i^  with  the  circle  s   gives   us  the 
earliest  cut-off  attainable.     The  commencement   of  port-reopening  takes  place  at  m^^    which  poinl 

is  situated  behind  No.  L  It  is  evident,  thtt 
the  centres  of  the  relative  circles  must  lie  on  i 
straight  line  M  M,  Our  diagram  shews  oi 
some  defects  in  this  valve-gear,  inasmuch,  as  wttii 
early  cut-offs,  the  point  *j  shifts  to  the  right,  wherras 
^i  tiji  (as  the  expansion-valve  travel  is  small)  moves 
equally  more  towards  the  centre.  The  point  ii,i 
IP*  should  however  still  come  to  lie  behind  position  1, 
whettce  it  follows,  that  the  lap  for  the  maio-tli^ 
must  be  made  large,  which  however  entaili*  the 
defects  of  a  strong  compression. 

The  *  cross-head    is  run  in    a  slipper*  r**'* 
the  croas-head  as  shewn  in  Fig.  8,  of  our  ^^t  _ 
ment*Plate  7^   possesses    a  bottom-platci    with  which   the  slide-plate  proper,   is  bolted;    wheu  thr 
latter  is  worn  nut|  it  can  be  easily  renewed.     We  moreover  draw  attention  to  the  peculiar  fiiinc 
of  the  crosshead-pio  and  of  the  adjustment  of  the  open  oonnecting-rod  end,  represented  in  Fif.  ^ 
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Fig.  146. 


9.  L.  Breval,  of  ParlH. 

(Will]  ilJustr&tioiifl  on  Supplement-Flate  7,  Fige.   10— IS.) 

The  use  of  the  link^  worked  from  its  own  eccentric  for  altering  the  stroke  of  the  exp»t- 
sion,  is  adopted  by  a  number  of  Engineering  Firms,  in  a  more  simple  manner,  than  we  fiii4  la 
the  preceding  example. 

Borrowing  our  illustrations  on  Plate?  (Figs.  10 — 13),  from  the  "PortefeuiUe  economiqiie  «to 
Machines",   we  find  in  Breval's  engine-type,    a  good  example  of  a  simplified   engiiie*type,     Tli 
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eccentric  drives  the  main-Blide  K  ofl*  a  rod  £,  whilst  a  second,  oscillates  the  link  0  through  the 
i-od  AL  The  prolongation  of  the  link-block  /,  forms  a  nut  for  the  screw  f.  This  screw-spindle  is 
guided  in  an  eye  ^,  of  the  link^  so  that  by  turning  the  hand-wheel  A,  the  spindle  itself  is  not 
raised  or  lowered,  whilst  snoh  happens  to  the  link-block;  hence  the  magnitude  of  the  link-block 
travel,  may  be  regulated  by  hand.  The  expansion-alide  is  rigidly  connected  with  the  link  by 
rod  P. 
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Fig.  147. 
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M  It  follows,    that   the  travel    of  the  expansion-sUde, 

■  only  by  hand,  whereas  the  advance  angle  remains  constant- 
"  to  the  following  constructive  data:  Advance-angle  J  ^=  II" 

the  two  eccentrics  2*05  in.  (52  ram.).    The  valves  —  vide  F 

I  Inner  and  external  leads,  are  respectively  0^20  in.  and  0'04 
0-26  in.  (6-5  mm.). 
The  earliest  cut-off  is  determined  by  the  ideal  ec- 
centricity 0  jix   as   the  corresponding    relative    slide-circle 

■  described  from  Cj,   mnst   not  again   open   the  port  before 
crank-position  L   The  letters  ii^  denote  the  closing,  whilst 

•  in  u  «j  we  find  the  re*opening  of  the  ports. 
As  regards  the  general  design  of  the  engine,  it  shews 
the  flat  bed  so  commonly   used  in  France.     The  cylinder- 
bore  is  13-78  in.  (350 ram.};  its  stroke  =  25*98  in.  (660mm.). 


Fig.   148. 

will   also   be    varied    thereby,    thongh 

Our  diagram  in  Fig.  147,  was  drawn 

15'  jMid  (Jy  ==  50*^  15';  eccentricity  of 

ig.  148  —  are  proportioned  as  follows: 

in.  (5  mm*  and  1  mm.);  distance  %  ^ 


m. 


10*   3Iarsliall  Soiih  it  Co.^  of  GaliishonHigU. 

In  Fig.  149,    the  reader   will    find    the   expansion- 
[gear,  illustrated   as  applied    to   the  engines   we  described 
on  pg.  134,  of  our  Vol.  U.*)    We  find  here^  the  link  inter- 
posed between  the  expansion-eccentric    and  the  valve-rod; 
[the  link  is  suspended   from  its  top  end.     The    expansion* 
valve  rod,   is  gripped    by  a  rod,   under  control  of  a  very 
sensitive    Wilson- Hartuell    governor,    and    the    difft*rent 
engine-loads  may  be  taken  into  account*  by  the  adjustable 
[set-screw  shewn  in  our  engraving. 

♦)  CorlwB-Engmea. 
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Fig    149. 
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The  maiu-slide  A  is  arranged  JB 
the  usuaj  manner^  and  the  expaoiioi^ 
valve  B  is  made  to  form  a  simple  pUtr. 
The  first  named  is  worked  off  its  spmiUr 
a  and  eccentric  rod  b  from  the  eoottitn^ 
c.  The  expansion-eccentric  ^,  keyed 
an  advance  angle  of  90*',  carries  by 
of  the  rod  ff^^  the  link  /;  this  link  o«cil* 
lates  round  the  centre  k^,  which  i  ""^ 
the  working  point  of  the  ecct*nt[- 
The  same  swing-pivot  is  also  situalrd 
in  the  eye  of  the  double  armed  levff  ^ 
oscillating  on  the  fixed  point  A".  A 
cond  double-armed  lever  n,  has  its  h\* 
crum  mounted  on  the  stud 
fixed  to  the  main-slide  rod  a.  Through  the  connecting  rods  7fi  and  o,  the  motion  of  the  fin< 
named  lever  it  is  transmitted  on  to  the  second  lever  w,  to  be  again  transferred  on  to  thf  ei- 
treinity  Oi  of  the  link  /,  which  by  the  forementiuned  motion  of  the  two  points  AT  and  o,  is  moft^ 
in  a  oertain  rotary  oscillating  motion;  the  fulcrum  a^  of  the  lever  n  has  the  same  moTainrDl  im 
parted  to  it,  as  the  main-slide. 
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The  one  end  of  the  rod  e  raa}^  be  pushed  into  the  link  /,  whilst  its  other  end  being 
fastened  to  the  stud  e^  of  the  expansion-slide  spindle  t/,  transfers  the  motion  of  the  link  on  to 
the  expansion-slide.  The  shifting  of  the  working  point  jt  of  the  rod  e  on  the  link,  is  effected  by 
the  rod  //  suspended  on  the  lever  /,  being  workod  off  the  hand- wheel  H  and  spindle  /?. 

The  action  of  thiB  mechanism  is  beat  explained  Ity  Gninotte's  own  graphic  method,  wluch 
presumes,  that  the  link  is  worked  from  two  eccentrics,  without  participating  in  the  motion  of  the 
slicle*valve.  In  our  Fig,  154,  we  have  drawn  the  slide^eircle  of  the  main-slide  as  well  as  the  outer 
lap-circle,  and  so  determined  the  crank-position  A\  corresponding  to  the  main-valve  being  closed. 
Moreover,  a  circle  has  been  described  round  t>,  with  a  diameter  ^  *  =  to  the  distance  of  the 
valve  working  edges  in  their  central  position.  We  may  now  remember,  that  the  commencement 
of  expansion  is  indicated  by  the  crank-position  answering  to  the  point  of  intersection  of  the  circle 
^,  with  the  relative  slide-circle.  We  have  therefore  to  determine,  the  position  and  the  size  of  the 
relative  slide-circle,  as  this  will  give  ns  the  extent  of  the  eccentricity  as  well  as  the  advance-angle. 

The  centres  of  these  relative  slide-circles  will  lie  on  the  line  MM.  The  centre  of  the 
relative  slide-circle,  cutting  the  slide-circle  s  in  r^,  is  then  Cj,  and  this  position  answers  to  a  cut- 
offs 0.  By  way  of  an  example,  e.^  would  be  the  centime  of  the  relative  slide-circle,  were  expansion, 
to  begin  in  crank-position  /^g.     The  latest  ^ 

//  \  • 


Fig.   156. 


cut-off  is  indicated  by  the  crank  position 
/?j.  We  find,  that  all  the  relative  valve- 
circles,  in  addition  to  having  the  point  0 
in  common  with  each  other,  intersect  each 
other  in  a  point  Q,  and  that  the  circle  € 
simultaneously  passes  through  this  point 
Q;  hence  we  perceive,  that  with  all 
cut-offs,  the  expansion  slide  begins  to  open  pjg  155^ 

the  port   of  the    main-slide,   at   the   same 

piston  or  crank-position.  As  \ve  already  know,  this  crank-position  must  not  lie  hrf&re  the  crank- 
position  marked  with  iV^,  but  must  lie  on  the  contrary,  brhind  it,  so  that  the  main-slide  may  have 
overlapped  to  the  extent  of  some  0^12 — 0'16  in  (3—4  mm.)  as  shewn  in  the  diagram. 

I  The  position    of  the  line  MM  allows  itself   to  be  found,    when  the  crank  position  OQ  is 

determined,  by  halving  this  distance  OQ^  and  erecting  in  the  centre,  a  perpendicular  — MM—; 
if  we  erect  in  Q  a  perpendiculai*  on  OQ^  then  this  is  the  line  on  which  the  end  points  00,  of  the 
parallelograms  lie,  and  by  their  delineations  we  arrive  at  the  determination  of  the  size  and  po- 
sition of  the  expansion  slide  travels.  In  this  manner,  we  obtain  an  inclined  line  parallel  to  MM 
—  namely  the  guide  line  FF^ —  which  determines  the  eccentricities  as  the  range  from  centre  Oj 
(i.  e.  Oj\  =  eccentricity  for  the  earliest,  and  0  f^  =  eccentricity  for  the  latest  =  cut-off). 

I  If  these  eccentricities  are  properly  transferred  in  regard  to  the  engine-crank  A",  we  obtain 

the  guide  line  F  Fi  in  Fig.  155,  on  which  the  centre  of  the  expansion-eccentric  must  be  deemed 
to  slide;  in  reality  however,  this  variable  motion  of  the  expansion-valve  is  effected  by  changing 
the  valve-spindle  guide  in  the  link.  According  to  our  assumption,  let  the  link  be  moved  by  the 
eccentrics  OT  and  0  L,  so  that,  even  if  the  line  FF^  be  the  axis  of  the  link,  either  the  one  or 
the  other  of  the  eccentrics  must  be  looked  upon  as  actuating  the  expansion-slide;  in  an  approxi- 
mate degree  we  may  look  upon  the  intervening  and  over  T  and  L  located  points  of  F F^^  as  the 
eccentricities  of  the  expansion-slide.  Supposing  by  way  of  an  example,  the  end  of  the  guide  e  of 
the  valve-spindle  to  be  in  the  point  X  of  the  link,  then  the  expansion- slide  will  perform  a  stroke,  just 

1$^ 
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as  if  it  had  been  worked  oS  one  eocentric  ^  of  eccentricity  =  OX  —  This  arraagemeDt, 
embodying  two  eccentrics  for  the  expansion-gear,  is  not  practically  carried  out;  it  is  suppl&ated 
by  tht^  nieclianism  we  described  by  means  of  the  Figs.  147 — 150.  The  circle-diagram  also  haUa 
good  for  this  arrsingeineiit,  wMoli  we  will  attempt  to  elucidate  still  further.  The  position  of  Um 
guide-line,  is  determined  as  follown:  It  intersects  at  -X  —  Fig.  156  —  the  horizontal  -  axis ; 
corresponding  thereto,  the  expansion  -  eccentric  ^  —  compare  Fig,  151  —  is  mounted  dia* 
metrically  opposite  the  crank  with  an  eccentricity  0  X,  and  it  therefore  carries  the  point  k^ 
of  the  link*  But  as  lever  k  is  also  motioned  from  the  point  ki^  its  other  extremity  tn^  orbits,  &j 
if  its  path  were  controlled  by  one  eccentric  (because  OT:OX  ^  Kk^:  Kvij);  the  same  occurs 
with  the  extremity  m^  of  the  lever  «,  on  account  of  the  action  of  the  connecting-rod  *».  The 
oscillating  centre  a^  of  this  lever  «,  is  however  again  motioned  from  the  main-slide  eccentric  = 
Oi>;  the  third  point  o^  of  the  lever  Hj  receives  a  motion  as  if  it  were  carried  by  one  eccentric, 
provided  a^  0,^  :  a^  m^  is  made  equal  LI>  :  D  1\  The  motion  of  the  point  o^  is  then  transferred 
on  to  the  point  o^  of  the  link. 

We  perceive,  that  the  motion  of  the  eccentric,  must  be  considered  as  proceeding  frum  tie 
two  eccentrics  OX  and  O L*  The  link,  curved  to  a  radius  =  the  guide-rod  f^  is  not  restrictcti 
to  any  length. 

The  valve-gear  of  the  Coupled  Vertical  Engines,  shewn  on  Supplement-Plate  11*  is  oniiir 
to  the  one  just  described,  and  we  have  also  retained  the  same  lettering.  In  Fig,  8,  fSuppl^iBait* 
Plate  12)  we  have  drawn  the  slide-travels  in  relation  to  the  piston-stroke,  the  path  of  the  mm- 
slide  being  represented  by  the  thick-drawn  curve.  ^4  B  is  the  axis  at  middle  position,  and  tk 
outer  and  inner  laps  are  drawn  on  each  side,  though  the  latter  are  not  drawn  equal,  on  aoocfiiift 
of  the  uniform  compression.  The  dotted  lines  indicate  the  openings  of  the  ports  through  the  <i- 
pansion-valve,  tui  both  sides  of  the  cylinder,  during  different  grades  of  expansion.  The  eooeotmil^ 
of  the  main-slide  =  2*60  in  (66  mm.);  advance-angle  30**,  and  the  eccentricity  of  the  expaotiofr 
valve  =^  2-50  in  (63*5  mm.)  The  two  eccentrics  are  made  in  one  piece.  The  distance  #  :^  1*58  m 
(40  mm.)  and  the  ports  are  P81  in  (46  mm.)  high. 

The  cylinders  of  this  carefully  constructed  Coupled  Engine  are  each  25"59  in.  (G50  bbj 
in  bore,  and  their  stroke  =^  25*59  in  (^650  mm.). 


12.   E-  A.  Wortmann,  of  Rulmirt. 

(With  mastmtiou^  on  Suppletiieot*Pl»t«  13    F^g*.  1—5-) 

E.  A.  Wortmann^  exhibited  his  Valve-gear  fitted  to  a  10*23  in  C^60  mm.)  ejUndtf 
at  the  Dtlsseldorf  Exhibition  of  1880.  This  valve-gear,  permitting  the  widest  range  of 
effeots  variable  expansion  by  a  change  in  the  slide  stroke. 

The  main-slide  is  worked  from  an  eccentric  on  the  fly-wheel  shaft.  On  the  hmtk,  rf  fc 
through-ported  main-slide,  the  expansion-slide  works,  being  also  driven  from  an  eooenlsic  IW 
last-named  slide-motion  is  obtained  through  the  intervention  of  a  double  link  e,  wkitdi  ^wto  * 
a  stnd  (i.  The  upper  part  of  this  link  is  provided  with  a  forked  bearing,  whioh  takes  tip  a  h«B5 
ThiA  beam  is  mounted  on  the  short  spindle  /i,  which  also  carries  the  lever  i.  Wkoi  tUa  him* 
it  motioned  in  the  direction  of  the  inscribed  arrow,  the  beam  ^  is  turned  in  the 
and  abilts  the  link-blocks  att^iched  to  the  end  of  the  Hat  rods  kk^,  though  the  two 
in  iippoeite  directions  to  each  other.   The  expansion  eecenlrio-rod  n,  aa  weU  as  the 


d  are  forked  at  their  ends,  and  grasp  the  link-hlook.  If  we  preaume,  the  beam  g  to  be  turned, 
whilst  the  engine  is  running,  then  the  oscillation  of  the  link  will  he  increased  or  decreased,  ac- 
cording to  the  declination  of  the  one  link-block;  moreover  by  the  Bimultaneous  declination  of  the 
other  link-hlock,  the  oscillation  of  the  link  is  again  increased  or  decreased,  prior  to  its  being 
transferred  on  to  the  expani^ion  glide.  In  this  manner,  a  varying  travel  is  secured  to  the  expan- 
sion valve,  and  as  a  consequence  to  the  actual  doubling  motion-effect  of  the  beam  ^,  the  change 
in  the  cut-offs  are  rapidly  performed.  The  oscillation  of  the  beam  g  is  effected  by  a  combination 
of  levers  automatically  controlled  from  the  governor. 

In  order  that  the  steam  may  flow  equally  loug  on  to  both  sides  of  the  piston,  during  a 
certain  position  of  the  link,  the  curves  of  the  link  are  correspondingly  formed.  Thus  the  curve^ 
next  to  the  connecting  rod  d  is  an  arc,  described  with  the  length  of  the  connecting  rod  d  round 
the  centre  of  the  cross-head  i?;  in  like  manner,  the  other  curve  facing  the  eccentric  side,  is  described 
to  a  radius  approximately  equalling  the  eccentric  rod  a. 


13.  UauHome,  Sims  &  Jefferlen,  of  Ipsi^leh, 

The  expauaion  apparatus  used   by  this  Firm,   was  illustrated  and  described   by  us  in  our 
[second  volume*)  (pg.  141),  so  that  we  content  ourselves  here  in  referring  to  their  Horizuutal-engiues 
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Fig.  157. 

Stted  with  this  gear.     An    enghie   of  this  type    is  represented   in  the  annexed  Fig.  157 »   as  built 
[to  the  following  sizes: 


*)  Corlu(»'Eugiueii, 
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The  Engine  as  here  illustrated,  is  of  the  Horizontal  high  pressure  Direct -acftbg 
type;  it  is  fitted  with  metallic  piston,  massive  guide  bars,  best  scrap-iron  crauk-shatt  aid 
connecting-rod,  massive  fly-wheel,  bored  and  turned,  efficient  governors,  feed-pump,  starting  ?alw 
and  lever.  The  whole  is  mounted  on  a  strong  cast  iron  foundation-plate,  with  planed  surface  anJ 
holding-down  bolts* 

These  Engines  are  frequently  supplied  in  pairs,  i.  e.  two  Engines  complete  on  sepante 
bed-plates  coupled  to  one  crank-shaft  and  carrying  tb^  fly*wheel  between  them. 


14.   F.  W.  Crohn,  of  fireenwieh. 

Mr.  Crohn's  so-called  "Union  Expansion  gear'\  is  particularly  adapted  to  Reversing  geait, 

but   as    its    expansion-m^ 


^-T«- 


^  ^c  --^  chanism    may     be    lookni 

i^  I  I     'S^^^-  upon    as    an     indepeiidtut 

part,  we  have  illastr^ 
it  in  Figs.  158  —  18R 
omitting    however   the  1^ 

^       j-^*rvx  versing  arrangement, 

^^YlT^  ~  ""  >^U^^^^-^^ — ~~  -^^^^ '  ^^^^^/  "^j^  u'  /  The  expHusiori-Kiii 

/>,  gliding  on  the  bad  tC 
the  main-slide,  a^  reoeiTS 
its  variable  motic^n  ttom  a 
Stephenson     link    A.     Iti 

_  one    end    ia    connected  h 

W^  ~K-      _1Sl>^         J an  eccentric  rod,    with  to 

S^T^^^'  proper  eccentric  /?,  frhflil 
the  other  extremity  it  cur 
nccted  with  the  rod  E  «! 
the  main-slide,  through  the  unison-rod  C^  and  the  ennnecting-rod  B  moving  in  the  guide  d.  A^ 
cording  as  the  link  A  is  lowered  or  raised   by  the  lever  F,    the  expansion-valve  is  permitted  U 
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Figi*.  158—160. 
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partake  more  in  the  motion  of  its  own  eccentric  B^  or  to  participate  in  the  movement  of  the  main- 
slide,  in  which  latter  case,  the  two  valves  may  be  said  to  be  in  unison*  The  expansion-eccentric 
B^  is  keyed  diaraetiically  opposite  the  crank. 

In  the  annexed  diagram  Fig.  161,  ^ 

OD  indicates  the  main-slide  circle,  and 
t>l>y  the  expansion- slide  circle;  if  we 
draw  the  parallelogram  O  D^  ^  Di  then 
0  Z>,  is  the  relative  valve-circle  for  the 
earliest  cut-ofl\  inasmuch  as  the  expan- 
sion-circle only  moves  in  the  circle  0D^^, 
We  may  approximately  assume,  that  with 


H. 


B. 


-/s 


:^3. 


X-l 


Fig.   162. 


Fig,  161, 


the  shifting  of  the  links,  the  end  Z/^^  moves  on  the  straight  line  i^  i>,  and  consequently  that  the 
end-points  of  the  relative  circles  o^,  o^^  04,  also  come  to  lie  on  a  straight  Une*  These  points  may 
be  found  from  the  inscribed  parallelogram. 

To  effect  a  very  exact  steam  distribution,   Mr.  F*  W.  Crohn  has  applied  the  Trick-valve, 
represented  in  Fig.  162.     The  casing  surrounding  the  valve,  is  cast  in  one  piece  with  it,  the  grid- 
valve  sliding  on  its  metal      A  partial  balancing   of  the   main-valve   is  effected,   by  allowing  the 
'  live  steam  to  enter  into  the  inner-space  a,  of  the  Trick- valve,  after  the  closing  of  the  steam-port. 


15-  H.  Bilgraiii,  of  Plilladeli>liia. 

When  describiug  Duvergier's  valve-gear,  (page  87)  we  had  already  occasion  to  observe, 
that  the  motion  of  the  expansion-valve  need  not  be  derived  from  a  separate  eccentric,  but  might 
be  effected  off  the  main-slide  eccentric  by  taking  the  throw  of  this  eccentric,  perpendicularly  to 
the  direction  of  the  main-slide;  we  then  receive  a  crank-motion,  as  if  derived  from  one  eccentric 
keyed  under  'an  angle  of  about  90^,  to  the  main-slide  eccentric. 

Paying  regard  to  this  fact,  Mr*  Bilgram's  valve-gear  —  according  to  Bilgram's  Slide  valve 
'  gears  ^,  was  also  designed  to  overcome  the  difficulty  attending  many  valve-gears  in  their  sluggish 
t  cut-off. 

Both  valves  —  see  Figs,  163 — 165  —  are  operated  by  one  single  eccentric  c;  the  main- 
slide  a  directly  by  the  eccentric-rod  />,  and  the  cut-off  valve  d^  through  a  peculiar  mechanism, 
consisting  of  four  members,  viz:  the  link  ^,  the  rocker  /,  the  cut*off  rod  **,  and  the  adjustment 
lever  A|  L  The  link  4j  jointed  by  a  pin  to  the  eccentric-rod,  imparts  to  the  rocker  /,  a 
I  rocking  motion  on  its  fulcrum  j\.  The  rocker  is  of  peculiar  form  as  shewn,  but  it  virtually  re- 
presents a  bell-crank,  having  an  angle    of  about  50**.     To  Ihe  extreme   end   of  the   rocker  /,   is 


jointed  the  eut-off  rod  t?,  by  which  the  expansion-valve  d  is  moved.    For  the  purpose  of  chaagiag 
the  degree  of  expansion,   the  fulcrum/^    of  the  rocker  a,  can  be  moved  in  a  circular  arc,    being 


-J- 


y-n^_ 


I 


^f. 


e 


Figs,  IfiS—lfiD. 

attached    to  the  end    of  the  adjustment-lever   Aj  A,    whose  fulcrum   is  a  fixed  point. 
in  this  manner  a  range  of  expansion  lying  between  0*0  and  O'U  stroke. 


We  ^tm 


16,  The  Biiekeye  Euglne-Compaiiy,  of  Salem  (Ohio,  I .  S.  A»). 

{With  ilJnstmtiong  on  Supplement- Plate  6»  Figs.  6 — 16.) 

The  Engine,  made  by  the  Buckeye  Engine-Company,  has  been  before  the  public  for  about 
nine  years,  during  which  time  it  haa»  while  retaining  its  original  general  plan,  undergone  wvml 
improvements,  which  are  unfortunately  not  included  in  our  Supplement-Plate  6  (Figs.  (> — 16)w  Wf 
therefore  propose  to  describe  the  latest  arraugenient  of  engine-details,  leaving  the  reader  to  \ukx 
the  so-called  improvements  brought  to  bear  on  the  type  illustrated* 

The  live  steam  after  entering,  passes  through  passages  and  the  open  pistons,  into  ^ 
interior  of  the  box- valve.  From  the  box- valve  the  steam  is  admitted  to  the  cylinder  tlirno|fc 
ports  in  its  face,  as  these  porti*  are  alternately  brought  to  coincide  with  the  cylinder  porta. 

The  cut-off  valve,  which  consists  of  two  light  plates  connected  by  rods,  works  no  seali 
inside  of  the  main  valve,  and  alternately  covers  the  ports  leading  to  the  cylinder.  The  cuttil 
valve-stem  works  through  the  hollow  stem  of  the  main  valve.  The  exhaust  takes  place  at  tkt 
end  of  the  valve,  into  the  valve  chest  and  into  the  exhaust  pipe  below. 

Among  the  new  features  since  the  first  introduction  of  the  Engine,  are  the  relief  ohambcn 
in  the  valve  seat.  To  explain  the  use  of  these  it  must  be  understood  that,  the  steam  being  imtmU 
the  slide-valve  instead  of  around  it  (as  with  the  common  slide-valve),  the  tendency  *^t  ^ 
pressure  of  the  steam  in  the  box-valve  ports  and  in  the  cylinder  is  to  force  the  valve  frooi  it^ 
seat^  but  this  tendency  is  counteracted  by  the  pressure  of  the  entering  steam-,  this  pressure  heix^ 
proportioned  to  the  area  of  the  pistons  or  equilibrium  rings.    These  pistons  are  made  largi?  vm^^ 
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to  hold  tlie  valve  to  its  seat  at  the  moment  of  admission.  At  other  times  the  pressure  on  the 
seat  would  be  greater  than  necessary;  but  to  prevent  such  undue  pressure,  live  steam  is  adiuitted 
to  the  relief  chambers  through  small  holes  in  the  face  of  the  valve  just  after  it  is  exhausted  from 
the  cylinder;  it  is  in  turn  exhausted  from  them,  just  before  steam  is  admitted  to  the  cylinder.  The 
result  is  a  moderate  and  almost  uniform  pressure  on  the  seats  at  all  points  of  travel,  and  the 
arrangement  also  greatly  assists  in  the  proper  distribution  of  lubrication. 

Another  recent  improvement  consists  in  placing  the  equilibrium  rings  in  the  back  cover 
of  the  valve  chest,  instead  of  in  the  cover  of  the  valve,  as  formerly.  The  value  of  this  improve- 
ment consists  mainly  in  its  rendering  the  equilibrium  rings  accessible  without  removing 
the  valve. 

To  these  particulars,  borrowed  from  the  Company's  Circular,  we  append  the  following 
Tables  supplied  from  the  same  source.  In  regard  to  the  fir.st,  these  Engineers  observe,  that  this 
Table  gives  the  mean  elFective  pressure,  (M.  E.  P.)  the  terminal  pressure,  and  both  the  theoretical 
and  actual  rate  of  water  consumption  due  to  non-condensing  and  to  condensing  automatic  cut- 
off engines.  We  also  devote  a  column  to  the  throttling  engine,  giving  its  theoretical  rate  of 
water  consumption,  when  working  with  the  same  boiler  pressure  and  average  piston  pressure,  or 
doing  the  same  amount  of  work  as  the  nou- condensing  cut-off  engine,  on  the  same  line  in 
the  Table. 

The  Talile  of  actual  rates  of  water-eoiisuniptlon  (pg.  98)  is  based  upon  the  Company's  own 
experience  in  practical  cases.  They  have  collated  results  in  as  many  instances  as  possible^  where 
the  loads  wen^  widely  variable,  but  tlie  other  conditions  reasonably  uniform.  With  data  thus 
obtained,  they  located  points  through  which  were  drawn  curves  representing  the  pounds  of  water 
consumption  at  different  boiler  pressures  and  points  of  cut-off.  The  remainder  of  the  Table  was 
filled  out  by  interpolation  on  these  curves. 

On  the  authority  of  these  Engineers  this  Table,  especially  the  column  for  non- 
condensing  engines,  (marked  N.  C.)  represents  very  closely  the  actual  performance  of  their 
engines  of  100  UP.  and  upwards  with  dri/  aimm.  The  column  for  condensing  engines,  (C)  is 
perhaps  less  accurate,  as  they  were  in  possession  of  fewer  data,  but  for  practical  purposes  it  will 
not  mislead,  The  same  result  in  kind,  if  not  in  degree,  will  be  obtained  with  any  other  auto- 
matic engine. 

The  Company's  calculations  of  the  theoretical  economy  are  based  on  a  mean  back  pressure 
(measured  from  vacuum)  of  IB  lbs.  non-condensing  and  6  lbs.  condensing,  clearance  2  per  cent,  of 
the  piston  displacement,  and  a  compression  based  on  exhaust  closure  at  a  point  in  the  stroke  that 
will  compress  about  i\'^  volumes  into  one. 

The  proportionate  wastefulness  of  light  loads,  being  the  difference  between  the  actual  and 
theoretical  rates,  is  made  very  apparent.  It  will  also  be  noted  that  the  departure  from  maximum 
economy  is  very  much  more  rapid  in  the  direction  of  tight  than  of  heavy  loads. 

The  Table  on  page  9Ji  shews  the  load  to  which  each  size  is  best  adapted.  The  rating  of 
these  Engines,  as  given  in  the  third  column,  is  the  power  actually  developed,  when  running  at  the 
speeds  named,  under  a  steam  pressure  of  80  lbs,,  and  cutting  off  at  ^I^  of  the  stroke,  being  35  lbs. 
il,  E.  P.  The  exact  figures  are  departed  from  only  so  far  as  to  give  the  rating  in  round  numbers, 
easily  remembered.  When  these  engines  were  first  rated,  it  was  the  Company's  belief  that  35  lbs. 
M,  E.  P.  represented  the  maximum  of  economy,  and  hence  the  medium  advantageous  load.  A  longer 
experience  has  demonstrated  beyond  a  doubt  that  better  actual  results  are  obtained  with  a  heavier 
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loading,  nearly  approacliiiig  40  lbs.  M.  K  P.^  or  '  4  cut-uff  at  80  lbs.  In  preparing  tlii^  Table, 
however,  it  has  not  been  thought  best  to  change  the  rating,  which  has  become  in  a  popular 
sense  the  commercial  name  of  the  engine.  The  fourth  column  shows,  what  practical  w^orking  in- 
dicates to  be  the  limits  of  cfood  economy  m  the  direction  of  light  and  heavy  loads,  which  are  30 
and  44  lbs.  IL  E.  P.  respectively. 


II.  TABLE  OF  STANDARD  AUTOMATIC  ENGINES. 
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&2<)        «                 450       •*             to         «50       '*                    775       '* 

.  1741 

•        SO" 

X 

€0" 

80     " 

COO       -                 bm       *'             to        750       '' 

900       " 

.   2142 

b.   Expansion-valve  of  changeable  length. 
1.    The  OriKiiial-eonstriietion  of  the  Jlejer  Valve-gear. 

(With  illnatrBtions  im  Supplement-Plate  8.) 

The  Meyer  Valve-gear  (vide  Fig.  166)  was  patented  by  Mr,  J.  J,  Meyer,  of  Miilhaiisen 
(Alsatia)  in  1842.  Amongat  the  simple  expansion-mechanisms,  it  is  probably  the  best  known,  as  it 
enjoys  the  most  extensive  application.    We  purpose  explain-  ^ 

ing  its  construction  with  the  aid  of  Supplement-Plate  8,  as 

it  is  there  fitted  to  a  twelve  horse-power  Engine   designed  ^^^^    ^^^^^^^^^    ^st 

by  Mr.  G,  Mttller.  FI^lH^^'^^^^^W^^^mim 

On  the  back  of  the  main-slide,  through-ported  at 
each  end,  slides  the  expansion-valve,  composed  of  two  plates* 
According  to  the  range  of  expansion  desired,  these  two 
*plates  are  brought  closer  to^  or  further  apart  from  each 
other,  through  the  screw-gear  clearl}^  shewn.  The  expansion- valve  forms  as  it  were,  a  single  plate 
whose  length  may  be  lengthened,  or  shortened  at  pleasure,  whereby  the  distance  of  its  working 
edges  from  each  other,  becomes  altered.     The  turning  of  the  expansion-valvo  spindle,    whilst  the 
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engine  is  running,  whereby  the  degree  of  expansion  is  altered,   allows  itself  to  be  effected  in 
following  manner: 

The  back-side  of  the  valve-chest  fFtgs.  (>  and  7,  Supplement-Plate  8),  has  a  guide  bracket 
bolted  to  it,  which  forms  a  sleeve  with  hand-wheel  attached;  the  valve  spindle  passes  thnn^^dj 
this  sleeve^  and  ia  furnished  with  key  and  groove,  so  that  by  turning  the  hand-wheel,  which  d«B^ 
not  participate  in  the  alternate  8]nndle-motion,  the  valve-spindle  becomes  similarly  tuxDed.  To 
indicate  the  expansion-degree  attained  by  turning  the  wheel,  the  forementioned  sleeve  is  fomii 
with  a  thread  on  which  a  nut  works;  this  nut  carried  in  a  frame,  is  actuated  by  the  tui 
valve-spindle,  and  as  it  is  connected  w^ith  a  dial-finger^  this  finger  is  made  to  point  on  a  s< 
degree  of  expansion  at  which  the  expansion-valve  has  been  made  to  work. 

The  action   of  this  valve-gear  may  be  easily    seen  by  the  circle-diagram,    which  has 
drawm  to  the  following  diraension  in  Fig  167.    The  port-w^idth  ==  0*91  in  (23  mm.),  and  its 

(eight  fold  its  width)  =  7'24  in  (184  mm.u  Al- 
though the  exactitude  of  the  steam-distribution  i* 
Iieightened  the  greater  the  eccentricities  an* 
chosen,  in  practice  these  factors  are  naturally  kept 
as  small  as  consistently  can  be  done,  without  m^ 
jury  to  the  steam-action.  In  this  cane,  where 
cut-off  must  be  presumed   to  be  variable   b( 

^  ,         the  limits    of  0   and   V^  stroke,    the    smallest 

^^      *^       ^    *  rt^S^^^k.'>v\\       \  •         niissible  value,    may  be    written    as    r  ==  *3  a  <>r 

roughly  as  =  1*18  in  (30  mm.;.  The  oulerUp 
has  been  taken  at  0*28  in  (7  nun.),  aijd  the  uuier 
at  O'lU  in  {2'5  mm.).  The  diagram  indicate  that 
were  the  main-slide  to  drive  the  engine  by  iteelt 
steam  would  be  cut-off  at  0*928  stroke* 

The  expansion-eccentric  has  an  ecceiri 
r^,^  1*38 in  1 35  mm.) and  an  advance-angle  S^s^^i^V  \  i- 
inscribing  these  vahies  in  the  diagram^  —  i*  e,  h 
transposing  the  angle  <f^  on  OY^  and  deschbin; 
a  circle  on  the  last  side  of  this  angle  to  a  radius  equal  to  half  eccentricity  r^,  so  that  this*  circle 
shall  pass  through  (>,  we  thereby  obtain  the  expansion-eccentric  circle.  With  the  aaaistAUOtf  wf 
the  parallelogram  previously  explained,  r  and  r„  give  us  the  diameter  r\  of  the  relative  val«^ 
circle.  The  chords  in  this  circle  indicate  the  distance  of  the  centre  of  the  expansion-platet  hm 
the  centime  of  the  main^slide,  which  values  are  of  extrenie  importance.  If,  the  distance  »  t>f  tk 
co'Working  slide -edges  is  taken  as  radius,  and  a  circle  described  therewith  round  caDtir  <'- 
then  its  points  of  intersection  with  the  relative  valve-spindle,  give  us  the  crank-positions  ctir- 
responding  to  the  opening  or  closing  of  the  through  port 

The  influence   of  altering    the  value  s    in   this  valve-gear,    may  be  easily  discerned   in  it\f 
diagram;   the  smaller  this  value  is,   the  further  apart  are  the  plates,   and  the  more  thr 
sition  is  shifted  to  the  right,  the  earlier  is  the  cut-off. 

The  piston-travel   is  represented   in  the  upper   part   of  our  diagram  (Fig.    Iti?;;    t^  W 
lesponding  position  of  the  expansion-plates,  corresponding  to  any  expansion-ratio,   may  be  wiilf 
f ead  off.     From  the  piston-positions  O'l  etc.,  the  corresponding  crank-positions  are  detemiio^dt '■4. 
then  their  points  of  intersection,  with  the  relative  slide  circle  t  are  sought;    the  lengths  0^^^ 
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Or,,  Oi^y  etc,  afford  ug  at  once  the  values  of  s  fur  the  various  expansion-ratios,  Thus^  by  way 
of  example,  for  the  expansion-ratio  0.6,  the  corresponding-value  of  *  ^  Oi^,  For  the  expan- 
sion-ratio OA,  the  distance  Oi^  appears  negative,  (equal  to  the  distanoe  in  the  negative  slide-circle), 
that  is  to  say,  the  plates  are  to  be  placed  so  far  asunder,  that  (corresponding  with  the  neutral 
position  <if  the  two  slides)  they  may  overlap  the  through  port  to  the  extent  stated*  In  the  lower 
I>art  of  our  figure^  wo  have  transferred  the  values  of  s  in  a  straight  direction,  c^irrying  the  posi- 
tive ones  to  the  right,  whilst  the  negative  values  are  transferred  to  the  left. 

For  the  latest  cut-off,  the  two  plates  are  made  to  touch  each  other,  in  which  case  a  = 
T,  —  L  This  distance  is  represented  in  our  diagranj  by  0  AL  Tlie  value  .r  correspooding  to  the 
distance  of  the  plates  from  their  central-position  are  thus  at  once  obtained  from  the  lower  part  of 
our  diagram.  By  way  of  an  example,  with  an  expansion  -  ratio  i>4,  the  distance  of  the  plate- 
travel  from  J/,  is  indicated  by  .r^,  and  the  remaining  piece  of  O  J/,  shewn  in  the  length  ^4  is  the 
distance  of  the  working  edges  from  each  other. 

[  If  we  moreover  desire   to  have  the  successive  widths   of  the  through-port  disclosed  to  us, 

we  liave  only  to  subtract  its  length  from  the  determined  value  .s-;  this  has  been  done  in  our 
Figure  167,  by  sliading  correspondingly  to  an  expansion  degree  of  Wl.  Care  must  be  taken, 
that  with  the  maximum  expansion-limit,  steam  may  not  be  given  twice,  which  is  prevented  by 
allowing  the  direction  of  OD^  to  coincide  with  No.  1  of  the  crank-position,  at  which  the  main- 
slide  cuts  off;  in  this  case,  {L  —  I)  is  advantageously  taken 

[  ^  r^.  In  the  constructive  example  before  us,  however  (i — I) 
was  taken  ^=  r,  -\-  2*5,  which  gives  us  X  --  /  =  33*5  +  2*5 

1^^  36  mm.  (1*4 '?  in).  Similarly,  for  the  greatest  plate-decli- 
nation, ^mm.  ^  Oi^  for  the  expansion-ratio  zei'o,  the  inner- 
edge  must  not  pass  over  the  throiigh-pi>rt;  whence  it  foUows, 
that  the  plate-length  must  be  calculated  after  /  ^  r,  +  a^ 

In  the  present  case,  the  earliest  cut-off  was  accepted  at 
0"167  stroke,  whereby  the  greatest  plate-declination  .fi^^^^  =s 
X  —  L  If  we  presume,  that  the  inner  edge  of  the  expan- 
sion-plate, during  its  greatest  relative  travel,  is  still  35  mm.  (0'14  inj  distant  from  the  through- 
port  edge,  wc  may  write  I  =  r,  +  a,  +  3*5  =  33*5  +  23  +  3-5  =  60  mm.  (236  in)  and  L  = 
96  mm.  (==  3-78  in).  The  factor  L  may  be  determined  direct  by  X  >  n  +  ^^ax.  +  «i  therefore 
X  =  33-5  +  36  +  23  +  3'5  =  96  mm.  (378  in.). 

In  its  greatest  travel,  and  greatest  relative  declination,  the  external-edge  of  the  expansion- 
plate  will  be  distant  by  .ra.,x.  +  ^  +  n  =  36  +  60  +  33*5  =  129*5  ram,  (5^09  in)  from  the 
central-position.  If  we  therefore  choose,  the  whole  length  of  the  slide  ==  2  X  120  ==  240  mm. 
I  (9-45  in)  —  vide  Fig.  6,  Supplement-Plate  8  — ,  then  in  the  forementioned  case,  with  the  greatest 
ivel  of  the  expansion-plates  (con^esponding  to  0^167  cut-off;  these  plates  would  overlap  the  outer 
^edges  of  the  main-slide  by  0*37  in  (9*5  mm.).  Such  would  be  admissible;  for  practical  reasons 
alone,  it  would  be  detrimental  to  make  that  half  of  the  main-slide  larger  than  12y'5  mm, 
(509  in.). 

We  may  at  once  obserye,  that  the  Meyer  valve-gear  permits  an  exact  regulation  of  the 
steam-distribution,  which  in  the  majority  of  cases,  it  far  too  little  heeded.  Namely,  in  order  to 
effect  an  exactly  equal  steam-distribution  on  both  sides  of  the  piston,  the  distance  s  of  the  working 
edges    need    oidy    be    varied,     which    can   almost    bo   done    for    all     expansion  -  degrees    through 
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the  diflerent  and  opposed  screw-pitch.    The  representation  of  the  valve-travels  by  the  elliptiei 
gram  affords  ns  a  clear  insight  as  to  the  speed  with  which  the  ports  are  closed.      The  abscii 
(Fig.  168)  of  the  curves,  —  i.  e.  the  ]>art8  on  the  base-line,  —  are  the  reduced  piston  traveLj^  an 
the  ordinates  —  i,  e,  the  distances  of  the  various  curve-points  from  the  base-line  —    indicate 
extent  of  the  valve-travels,  as  rcckfmed  from  the  line  of  the  external-lap.      We  perceive  from 
size  of  the  ordinates  (varying  according  to  cut-ofl"),  that  the  expansion-slide  has  completely  op€ 
the  through  port  in  the  main-slide,  on  the  dead-centre.      The  rapid  rising   of  the  ellipse,  affords  j 
scale  for  the  rapidity  with  which  the  port  openw^  but  the  cut-off  should  not  be  eatimatedl  from 
falling  propensity   of  the  curve,  because   cut-ofl'  is  effected   by   the  expansion-valve.      To    the 
named,    belong  the  four  falling  curves,    which   refer  to  cut-offs  of  0"167;  0*33;  0*5  and  075. 
angles,  under  which  the  curves  cut  the  base-line,  afford  a  scale  for  the  exact  cutting-ofF;  the  lai^ 
these  angles  are,  that  is  the  more  tiiey  approach  a  right  angle,  the  more  quickly  is  the  valve  dosadi 
and    vice    versa.       We    perceive    from   this   fact,   how   much  more  advantageously  early  cut-oSi 
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sbew  themselves  in  this  respect,  than  later  cut-offs.  In  Fig.  Kil) ,  we  have  still  fuitlwr 
elucidated  the  slide  motions.  The  valves  are  shewn  over  each  other,  corresponding  to  pi«tonrf<H 
sitions  inscribed  as  at  0,  Vo*^' t  Va''*^^  */«  '^Ij^'^S  ^U^^^^  ^^^^  f^^l^  stroke.  Expausion  begins  at 
Vs  stroke. 


Table  of  Biiueiisioiis  of  Meyer  Vahe-gearjji^ 

In  the  annexed  Table,  we  have  tabulated  the  various  dimensions  of  the  main-alide, 
sion  plates,  spindles,  and  the  internal  space  of  the  valve-chest,  used  in  Meyer  Valve  gem  a 
ordinarily  applied  to  Engines  of  from  6^21*  in  (ICO  mm,)  to  39  in  (1000mm.)  —  cylinder  bore.  Tkr 
earliest  admissible  cut-off  is  01,  and  the  latest  =  0'95  stroke.  In  Fig.  170|  the  ex|»aiisioo- 
ptates  are  drawn  to  correspond  to  a  cut-off  at  ^'',f>t*»  stroke.  The  dimensions  are  given  in  incfco 
and  decimals,  ualesa  otherwise  stilted. 
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6.76 

9.45 
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Valve-chci^t  htight  // 
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Fig.  170. 


2,   Eiighies  lltted  with  tlie  Meyer  Valve-fsear,  mljiist^ible  hy  liainL 

In  the  preceding  Chai>tei\  we  gave  a  general  fliscussion  on  the  Meyer  Valve-gear,  snpple- 
raentiiig  our  remarks,  with  all  the  necessary  constructive  details.  We  now  propose  to  illustrate 
and  describe  a  variety  of  Engines  fitted  with  Meyer  valve-gears,  rendered  adjustable  by  hand,  and 
to  these  constructive  examples  we  will  then  group  those  Meyer  Valve-gears  in  which  the  expan- 
iion-plates  are  worked  automatically  by  the  governor,  instead  of  by  hand. 
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a.    Wliltmore  &  Binyon,  of  Wickliam  Market* 

Meissrs.    Whitmure    &   Binyon    have    adop^ted    the    Mej 
Valve  gear,  made  adjustable  by  hand,  with  the  governor  operatii 
an  ordinary  throttle  valve.     In  Figs.   171   and  172,  we  bring  ele- 
vation and   plan  of  their  High-pressure  Horizontal    Engine,   fitt 
with  variable    expansion-gear,    whereas  in   Figs.   173   and  174, 
bring  similar  illustrations   of  their  Horizontal  Condensing  Engiii 
As  both  types  are  similar  to  each  other,   excepting    that  the 
of  the  last  named   is  lengthened  as  shewn    to   take   up    the 
denser,  we  will  merely  describe  the  last  named  and  our  deseriptio 
will  apply  to  a  25  horse-power  engine. 

The  Engine  is  erected  on  a  cast-iron  bed  planed  to  receive 
the  varioiis  parts;  it  is  furnished  witli  a  governor  of  the  high* 
speed  type,  and  with  steam  stop- valve  or  regulator. 

The  cylinder  is  16"  inches  diameter,  and  suits  a  20"  stroke 
made  of  good,  hard,  close-grained  metal,  fitted  with  a  steam  jacket 
consiRting  of  a  sei)arate  Hner  forced  in,  and  having  independent 
pipes  for  conducting  the  steam  thereto. 

The  slide-valve  is  of  the  same  running  of  metal  as  tht 
cylinder  to  ensure  uniformity  of  wear,  and  the  Meyer  expansion- 
valve  working  on  the  top  of  the  main- valve,  is  provided  wiiia 
variable  gear  adjustable  whilst  in  motion,  together  with  an  index 
to  shew  the  rate  of  expansion.  The  covers  are  turned  and  poUidiod 
and  secured  to  the  cylinder,  with  the  necessary  bolts  and  £iced 
nuts. 

The  metallic  piston  is  fitted  with  cast-iron  rings  and 
with  internal  self-adjusting  steel-coil  spring,  to  compensate  for  weir. 

The  crank-shaft  is  of  best  hammered  scrap-iron,  finisM 
bright,  6V2"  in.  diameter  and  about  51V'  ft.  long.  The  neck- 
bearing  on  bed-plate  is  provided  with  brasaes,  in  parta  adjualaMi 


if  ^'^V. 


// 


■cv^. 
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with  bright  wrought-iron  straps  and  gibs,  cotters  and  gim-nietal  wears  at  each  end.  The  Feed- 
pump, being  fitted  with  gun-metal  suction  and  discharge  valves  and  seats,  is  worked  by  a 
separate  eccentric  from  the  crank-shaft.  The  horizontal-condenser,  carried  on  the  bed-plate  of 
the  engine  and  fitted  with  double-acting  air-pump  is  worked  by  a  continuation  of  the  piston- 
rod  and  is  provided  with  the  necessary  grids,  guards,  bolts  and  india-rubber  vah^es* 

b.    &.  Mllller,  Engineer, 

(With  illustrations  on  Supijleinctit-riftte  S.) 

The  construction  of  the  12  HP.  Horizontal  Engine  of  Mr*  G.  Miiller*s  design,  is  amplj 
illustrated  in  its  details  on  Supplement-Plate  8.  To  keep  the  engine-frame  as  simple  a^  possible 
an  extra  pedestal  was  attached  under  the  crank  end.  The  pedestal  itself  (Fig.  9)  is  adjustable, 
111  Fig.  7  we  perceive  the  necessary  jointing  of  the  expansion-rod  spindle,  and  noteworthy  is  tht 
introduction  of  guide-bolts  fixed  on  the  back  of  each  expansion*pIate|  the  one  in  the  right  and 
the  other  in  the  left  rib  of  this  valve.  Their  application  is  done  with  a  view  of  reducing  the  too 
rapid  wear  of  the  spindle-threads,  and  of  the  working  edges.  The  pins  introduced  into  the  ei- 
panaion  valve  spindle,  are  for  the  purpose  of  preventing  the  engine  working  with  an  earlier  cut- 
off than  0'167  stroke. 

Respecting  the  mounting  of  the  eccentric,  we  should  observe,  that  as  shewn  in  the  drawixigs, 
the  horizontal  axis  through  the  slide  spindles  is  2*2 1  in.  (56  mm.),  below  that  of  the  cylinder, 
whereby  the  eocentric-rod  encloses  an  angle  of  2'h^  with  the  cylinder  axis.  Consequently  the 
eccentrics  have  to  be  displaced  to  this  angle  in  addition ,  and  hence  the  advance  angles  of  tfe 
main  and  expansion  slide  eccentrics  are  respectively  chosen  equal  to  2OV2**  3Jid  to  82*4**- 

Tbe  chief  dimensions  of  this  Engine  are  as  follow:  Cylinder  diameter  12*60  in.  (32U  msu); 
stroke  ^  22  05  in.  (560  mm.) ;  revolutions  80  per  in  in.,  and  consequently  mean  piston-speed  4  It 
11  in.  (1.493  m.)  per  second.    The  steam-pressure  is  quoted  at  5  atm. 

c.    Tangye  Brothers,  of  Birui Ingham* 

InFig,175we  illustrate  the  large  sized  Horizontal  Engines,  as  made  by  Tangye  Bros.  olBirmiogliaxiL 
The  Engines  are  fitted  with  the  piston  rods  and  crank  shafts  of  steel,  and  the  bearings  are  extra  Urg^ 
and  so  arranged  that  any  wear  can  be  readily  taken  up.  The  main  bearings  are  in  three  pieces 
and  are  fitted  with  wedge  adjustment;  and  the  expansion  valves  (Meyer  gear  adjustable  by  lunJ 
are  so  arranged  that  they  can  be  adjusted  to  any  required  grade  of  expansion,  whilst  the  Eo* 
gines  are  in  motion:  the  cylinders  are  steam  jacketed,  and  lagged  with  sheet  steel,  and  fitted  will 
relief  valve,  condensed-water  cocks,  lubricators,  and  grease  cups. 

These  Engines  are  all  fitted  with  Taugye's  Patent  Governor,  oombining  in  the  small  spi^ 

usually  occupied  by  the  ordinary  stop  valve,  a  governor,  throttle  valve,   and  stop  valve  cotnple'te. 

The  speed  of  the  Engine  can  be  increased  or  reduced  by  simply  tightening    uv  releasing  the  cap 

which  forms  the  top  of  the  Governor.    The  engines  are  also  fitted  with  sole-plate  for  back-c^ 

The  dimensions  to  which  these  engines  are  made  are  given  in  the  following  table: 


NOMINAL  UORSE  POWER 


Dinmetcr  of  StLUui  Cylinrlor 

Leng^tb  of  Stroke       .» 

Rin'olution«  p«r  Miiiuto 

A|>proximiLt«  weight  of  Engine,  aU  complole 

M  ,♦  Fly  wheel        

DiAmot«r  of  Fly  Whri^l      

Width  of  FrtPi%  ttimod        

OiftUJftiT  of  Fly  Wheel  Shift     „ 

Lrniirth  of  „  ,^         ...        .«,        «., 

DiftiDotf  r  of  Sttsiin  V'tm     .* 

niami^tcr  uf  Exhaust  ri^>e  

Approitimite  ovrr  »11  Dimcniioiu  of  &i|rino 


40 

.*»<» 

•II 

to  In. 

2iV4  in. 

141/a  in. 

M  in. 

44)  in. 

48  in. 

53 

55 

44 

14  toni 

11^  torn 

19  tons 

6*  t  tont 

7'/i  ton* 

«>A  tons 

144  in. 

\m  In. 

Xm  in. 

sri  in. 

U  in. 

m  in. 

7'/,  in. 

7%  in. 

«»A  in. 

87  in. 

93  in. 

lOjS  in. 

ft  in. 

ft'/t  in. 

It  in. 

7  in. 

6  In. 

S>  in, 

liTeiJi.  X  lU  ill. 

lt76ia.Xinin. 

aiila.xisflia. 
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it    TIio  Cologne  Maehiiie-warks  Co,  Llni.,  of  Cologne. 

(Witb  Ulusimtioiis  an  Su^jpleracDt-i'late  XIV,  Figs.  I  and  2.) 

The  "Kulniache  Maschinenbau-Actiengesellschaft",  of  Cologne,  build  the  Horizontal  Engine, 

shewn  in  Figs,  1  and  2,  (Siipplement-riatc  XIV).    In  place  of  the  usual  symmetry  being  observed, 

that  is  as  regards  the  bed-plate  being  closed  in  front  of  the  crank-shaft  bearings^  the  fiat  ri-franie 

lig  left  open,   and  its  one  half  terminates   abniptly  immediately   in  front   of  the   slide-bars.     The 

portion  of  the  bed-plate,  carrying  the  crank-pedestal  is  cast  by  itself  and  is  wedged  fast  to  the  other 


Fig,  175, 
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part  of  the  bed.  The  steam-cylinder,  the  slide-har,  as  well  as  the  crank-bearing  are  bolted  to  the 
bed-plate,  and  spetual  provision  is  made  to  resist  the  horizont.*il  thrusts.  Without  paying  regard 
to  the  size  of  the  clearance  space,  the  spindle-rods  are  placed  on  the  centre-line  of  the  eccentrics. 
These  spindles  are  supported  by  the  governor-stand  and  are  further  held  by  two  braces.  The 
illustrated  Engine  has  a  cylinder  bore  of  18*51  in.  (470  mm.)  and  a  stroke  of  30*91  in.  (785  ram*), 
and  this  type  is  constructed  by  the  forementioned  Engineering  Firm  in  the  following  sizes  and 
dimensions:  . 


NonuniU  HP,*.  Cnttinj^-ofT  iit 
^/s***  —  Vf  stroke  ftuci  4 
pressure  above  fttratiipbere 


8—10    9—12    12—14  16— 20  SO -25  25-80  2S— S8  aO— 85  85— 40  40-45 


CylirnJcT  diani.  in  iucbed 
Stroke  in  inch«ii 
RevolutioDs  p*r  miniite 


10.23 
21.66 

70 


1S.51 

30.91 

50 


20.67 

30.91 

50 


20.67 

87.01 

45 


22.64 

80.91 

50 


22.64 

37,01 

45 
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e.   The  Slaeliiiie  Company  Hunibcildt  Lim.,  of  Kalk,  near  Deiitz. 

(With  jllnstTatJons  on  Supplement-Plflt«  XIV,  Figs.  5  —  5,) 

We  fiod  greater  resemblance,  with  tlie  gi3ueral  practice  adopted  in  the  construction 
Meyer  valve-geared  Enginea,  in  the  Horizontal  Engine  type  built  by  the  Machinenbau-  and  Actien* 
gesellachaft  Humboldt,  and  illustrated  on  Supplcraent-Plate  X1V»  Figs.  3 — 5,  than  exists  in  the 
last  described  engine.  A  defect  common  to  most  of  these  engines,  ia  that  the  slide-bars  are  too 
far  distant  from  the  cross-bead,  although  there  is  no  reason,  why  these  should  not  he  broaght 
close  up  to  it.  This  would  certainly  necessitate  a  deviation  from  the  rectangular  form  adopted 
in  the  bed-plate,  inasmuch  as  the  bed  would  have  to  be  narrowed  at  the  slide-bars  to  cany 
the  latter. 

In  other  respects,  the  engines  of  this  Company  are  so  carefully  proportioned,  from  a  Con- 
tinental point  of  view,  that  we  have  tabulated  the  main-dimensions  in  the  following  tahle: 


£freGtive   HP,    cuttiiig-olf   ftt    Vi    stroke 

ftnd  4  pressures  above  atni 

Cjlijider  diameter  m  inches 
Stroke  ill  inchfa 

Diameter  of  steam-pijie  in  inches 
Diameter  of  exJiausi-jii|ie  in  iucbe^ 
Lengt;b   B    of  the   sttam-portfl   iu  inches 
Width  a  of  the  steiim-portis  lu  iiicJies    .. 
Width  <i^  of  the  steam-ports  in  inches  „ 
Diiimef<?r  of  the  cylinder-cover   in  inchea 
ThicknejsS  of  the  eylinder-Hunge  in  itichea 
Number  of  cylinder-cover  holts 
Diameter  of  ditto  in  inches 

Diam,  of  the  cylinder  hold -down  Wdtii  in  in. 
Thickness  of  cyliiiiler  nietnl  in  inches    ,. 
Height  of  the   6 tenin -piston  in  inches*     ». 
Length   in  inches 
Diameter  in  incheg 

LengtJi  in  inchei^ 
f  Diameter  in  inches 
Leogth  of  Connecting-rod  in  ineheij 
Eocentricity   of  the  maiti-^lide   in    inches 
Eccentricity  of  the  expansion'^lide  in  in. 
Diameter  of  the  eccentrics  in  inchea       ,, 
Breadth  of  the  cecentrica  in  inches 

!  Length  in  inches 
Diameter  m  inches 
Crank-flbaft  diameter  in  inchea 
Piston-rod  diameter  in  inches 
Diameter  of  the  valve-spindle 


Crank-pin 
CroBJ-head  pin 


4 

8 

14 

20 

26 

38      , 

8.26 

10.31 

12.40 

13.98 

15.43 

18.58 

16.54 

2067     ' 

24.80 

24.80 

27.80 

30.91 

2.09 

2.60 

2.83 

2.83 

3.15 

4,13 

2.60 

3.15 

3,62 

3.62 

4.13 

5.19 

4.SG 

$.21 

7.24 

7.47 

7.75 

10.6S 

0,63 

0.79 

0,85 

0  91 

1.02 

US 

1.18 

1.18 

1.30 

1,42 

1.58 

1.69 

13.94 

15.75 

18.11 

19,85 

21.38 

24,96 

K02 

1.02 

1.02 

1.18 

1.30 

1.30 

6 

6        ' 

8 

6 

6 

8 

0.79 

0J9 

0.79 

0.91 

0.91 

0.91 

0,79 

0.91 

1.02 

1.02 

1.18 

1  30 

0.79 

0.91 

0.91 

1.02 

1.02 

1,06 

3.35 

4.13 

4.64 

4.64 

4.64 

5.43 

2.-U 

2,60 

2.83 

3.62 

4.01    i 

4.13 

1.81 

2.09 

2.32 

2.21 

3.23 

3.07 

2.95 

3.35 

3.47 

S.47 

3.62 

4.13 

L&8 

1.81 

1.97 

2,72 

2.83 

3.07 

41.3 

46.4 

50.3 

56.7 

63.7 

73.2 

0.94 

0.94 

0.94 

0.98 

1.18 

1.42 

1.02 

1.30 

1.30 

1.69 

1.81 

1.61 

7.87 

8.7H 

9.84 

10.43 

11.89 

13.94 

2.09 

2.09 

2.32 

2.32 

3.15 

3.15 

4.13 

5.15 

5.66 

5.66 

6.06 

8.26 

3.15 

3.86 

4.5i 

4.52 

4.87 

e.45 

3.35 

4.40 

5.11 

5.11 

5.70 

7.24 

1.13 

1.97 

2.09    1 

2.09 

2.60 

2.60 

0.91 

1.02 

1.02 

1.18 

1.18 

1.30 

55 

21.66 

37.20 

4.78 

6.21 

IS.39 

1.30 

1.81 

29.37 

1.&8 

10 

1.0« 

1.&8 

1.30 

6.17 

4.64 

3.62 

4.64 

3.62 

86.6 

1S8 

2.09 

15.95 

3.15 

«.29 

7.47 

8-26 

S.ll 

1.43 


8^ 

34.80 
42.1 

5.19 

7.24 

14.4^ 

2.60 

34.02 

1.5J^ 

10 

1.10 
1.31 
1.56 
6.3f 
5.15 
4.13 
5.15 
4JS 
103J 

ij: 

2.82 
17,51 
9.1ft 
10.55 
8,50 
9» 
3.63 
1.4J 


f.    Le  Briiu^  of  €reil  (France). 

(With  itlnstriitionfi  on  Supplement- Plate  19|  Fig§.  7 — 11.) 

As  another  example  of  a  similar  eugine-type  resting  on  a  flat  bed,,  which  is  much  likfli 
in  France,  we  illustrate  on  Supplement-Plate  19,  (Figs.  7^1 1),  a  Pumping  Engine  made  br  Mr 
Le  Broil,  of  Creil  (Oise).  Its  cylinder-diameter  is  27'5G  in  (7(K>  mm.),  and  its  stroke  =-  6id  ii. 
(IGOO  nun,),  and  in  other  respects  the  engine  is  sufheiently  detailed  in  the  illustratioiift  lm* 
alluded  to. 
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g.   Wliieldoii,  Leeky  &  Lueas,  of  EjOtidoii, 

(With  illustrations  tm  SupplemenC-Flate  XV.) 
We  frequently  find  the  divided  slide  adopted  in  large  engines,  for  reducing  the  clearance 
Bpaces.  Accordingly,  we  find  this  arraugement  adopted  in  the  (IQ  HP,  Eugine,  illustrated  on 
Supplement-Plate  XV,  as  made  hy  Messrs,  Whieldcm,  Lecky  &  Lucas,  of  London.  The  valve- 
mechanism  is  explained  in  the  longitudinal  section  of  the  cylinder  (Fig.  4)*  The  cylinder  diameter 
amounts  to  24  in.  (610  mm.)  and  ita  stroke  to  4  ft.  (1220  mm.)  The  Portor-governor  acting  on  a 
throttle-valve,  is  motioned  hy  hevel-gear  off  a  lay-shaft  from  the  crank-shaft.  The  bevel- wheels 
on  the  crank-shaft  are  each  of  1  in.  (25  mm.)  pitch,  the  one  haiing  57  and  the  other  15  teeth; 
the  second  pair  of  bevel  wheels  used  in  driving  this  governor,  also  increasing  the  crank  speed, 
are  of  0'79  in.  (20  mm.)  pitch,  with  36  and  18  teeth  respectively. 

b.    Neat  &  Bumont,  of  Paris. 

(With  illustrations  on  Supplement-Plate  XVII,  Figs.  1—4.) 

As  an  additional  example  of  the  adoption  of  the  ^'Divided  slide*'^  we  have  represented,  — 

according  to  "Armengaud's  Publication  Induatrielle"  —  on  Supplemeat*Plate  XVII,  in  Figa.  1-^4, 

the  cylinder  of  a  Horizontal  Engine  built  by  Messrs.  Neut  &  Dumont,  of  Paris.     The  nuts  of  the 

expansion- valve  are  made  in  the  form  of  rails,  resting  on  bolts  placed  vertically  to  the  expansion- 


Fig    170, 


SH-^I 


^^-  -"*   >--=SMi 


ia  tr^ 


^55f!PW'5?!^ 


Fig.  177* 

[plates*      As  shewn  in  Fig.  2,   the  steam  is  led  from   the  top   into   the  steam-jacket,    and  pasaing 

through  the  stop-valve  chamber  enters  in  the  valve-chest.    Small  pipes  lead  to  the  cylinder  covers 

from  the  tirst  named  chamber.     The  piston-diameter  is  27*56  in.  (700  mm.),  and  its  stroke  =  3  ft. 

7  in  (1100  mm),     Cutting-off  at   »,4tij  stroke,    under   5  abaolnte   steam -pressures,   and  running  at 

revs,  per  min.,  this  engine  developed  100  HI\ 
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Figs.  178 -17a. 


In  continuiug  to  enumerate  tlie  varions  Firms  who  have   adopted  the  Mej^er  Valve 
we  must  now  confine  ourselves,  to  those  few  consti'uctions  which  are  specially  characteristic* 

In  this  respect,  a  so-" 
lid  arrangement  is  offered  in 
the  Engine,  illustrated  in 
Figs.  17(i  and  177,  as  maile 
by  Messrs.  Iluaton,  Proctor,  4 
Co.,  of  Lincoln.  The  engine 
hed  is  made  as  narrow  a^ 
can  he  consistently  done,  wai 
the  slide-bars  are  kept  clow? 
up  to  the  cross-head.  The 
cranked  crank-shaft  ia  carridl 
in  three  journals ,  two  of 
which  are  on  the  engine-bed. 
The  cylinder  -  bore  amounts 
to  13-46  in.  (342  mm.)  and  iti 
stroke  is  2  ft.  (609  mm.) 

A  compact  and  sohd 
arrangement  is  noticed  in 
the  Engine  shewn  in  Figs.  178  and  179,  and  made  by  Messrs.  E.  P.  liastin  &  Co,,  of  London.  The 
steam-jucketod  cylinder  is  supported  on  a  strong  Led- |d ate,  extended  so  as  to  carry  the  air* 
pump,  etc.      The  sti  amdistrihution   is  effected    by  divided  slide-gear,    at    each    cylinder-end.     The 

feed*pmnp  is  worked  from  the 
main^slide  eccentric. 

A  similar  arran^^ 
is   presented    by   the   e: .;... 
of  Leete,  Edwards  &  Nomjan, 
of  London  —  vide  Figs.  180- 
182.  The  cross-head  howeie, 
is   not    carried    in  a   slippei- 
guide    as    in    the    preoeding 
example,  but  is  supported  ilfl 
trapez-fomied  slides  as  shewt 
in  the  sectional  drawing. 

The  Engine  of  Mcssa 
Hnlborow  &  Co,,  which  »« 
fully  described  in  Vol.  H  of 
Corliss-Engines  —  see  pg.  I3t 
—  also  belongs  to  this  calt^ 
gory,  so  thai  wo  merely  reproduce  it  in  Figs.  183—184,  to  another  design. 

A  larger  engine  constructed  after  the  designs  of  Mr.  D.  N.  Morton,  by  Dick  &  StcTcnM 
Engineers  of  Airdrie,  is  drawn  on  Snpplement-rkte  XVI  (Figs,  1 — 3),  The  cylinder  is  10  ib. 
(507  nmi*)  liore,  and  of  30  in.  f7B2  mm.)  stroke.  As  in  the  last  example,  the  high-speed  goT«»tf 
acts  on  a  balanced  throttle- valve,  heing  itself  driven  by  belt-gear    The  air-pump  is  mruged  ?•■ 
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FigB.  ISO- 182. 


the  last  laameVl  Firm  and  illustrated  by  ua  on  Supplement*Plate  10  (Figa.  1—6).    The  Meyer  valve- 
gear  is  repeated  in  the  internal  valve-arrangement;    but  a  small  toothed  wheel  is  fixed  at  the  end 
of  the  spindle,  which  gears  into  a  rack  placed  over  it.    This  rack  is  —  vide  Figure  5  —  worked 
'  off  the  governor  by  a  bell-crank,  and  is  thus  actuated   at   the  time  the  expansion-valve   ohangCR 


In  1859,   Max  Eyth»   came   before   the   public    with    a   valve-gear,   v^^hich   like    the  Meyt?r 
based    on    tlie    variableness    given    to  the    working    edges   of  the   valve.      We    ilks- 

trate  this  design  in  Figs,  l^ 
and  189,  as  made  by  the  for^* 
mentioned  Engineering  Firm.  Tlic 
expansion-  eccentric,  dot^s  oot 
work  the  two  plates  A  .4,  hvX 
an  intermediate  slide  //,  who«* 
ports  though  covered  at  tim» 
by  the  plates  A  A ,  are  alw^fi 
in  communication  with  the  potts 
of  the  main-slide  C,  As  the  plates  A  A  are  moved  by  right  and  left  threaded  screws,  tk 
arrangement  for  altering  the  cut-off,  as  compcired  with  the  Meyer-type,  is  considerably  RimpU£<?d. 
which  advantage  may  compensate   for  the  somewhat  more  costly  three- valve  plan  here  adopted** 


4.    A.  3Iustttaiiii,  of  Berlin. 

Borrowing  our  illustrations,  (Figs.  190 — 194),  from  the  "Zeit^chrift  des  Vereins  Dentsohv 
Ingenieure'V  the  present  Valve-gear  merely  resembles  to  the  Meyer*s  Expansion-plates,  as  fix  •> 
the  constructive  arrangement  is  concerned. 

*>  Vid«  "Cirilitigealeur",  annu  1»77,  pug!  391, 
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The  main-slide  carries  the  two-ported  expansion-valve  on  its  back,  v^^hieh  expansion-valve 
is  actuated  by  an  ecceutrio  keyed  under  a  negative  advance-angle  ( —  rf^^).  The  relative  motion 
of  these  two  slides  takes  place  according  to  the  laws  akeady  laid  down,  still  no  cutting  off  of 
the  steam  will  take  place  between  them,  as  the  ports  of  the  inain-valve  present  the  necessary 
width.  On  the  top  slide,  we  find  two  additional  plates  a  a,  which  receive  no  independent  motionj 
but  which  Can  be  pushed  further  or  nearer  apart  by  the  spindle  J,  working  a  disc  ?>,  and  two 
rails  e. 
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Figa.  190— 1U4. 

The  action  of  this  valve-gear  is  beat  referred  to  the  circular  diagram  drawn  in  Fig.  Hl4; 
tiere  OD  and  0  D^^^  represent  respectively  the  circle  of  the  main-  and  of  the  expansion'slide,  Oi 
gives  us  the  distance  of  the  steara  cutting-off  edges,  between  the  top  slide  and  the  plates  sliding 
on  it  The  port-height  iv^  has  been  again  drawn  in,  as  usuaL  We  must  observe,  that  no  tlirottling 
I  of  the  steam  can  take  place,  because  two  admission  ports  of  the  height  aj  are  offered*  In  ad- 
dition, we  shall  have  to  mark  out  the  parallelogi-am  of  the  eccentricities,  and  make  the  width 
of  the  main-slide  ports  equal  to  the  relative  eccentricity,  to  prevent  a  too  early  cut-ofi'  or  throttling 
of  the  steam  taking  place  between  the  two  valves. 


5- 


The  Maseliiiieufabrik  of  (iralfeiistodeu* 


The  chief  defect  attaching  to  the  Meyer  valve-gears  consists,  as  is  well  known,  in  the  threaded 
[portion  of  the  expansion-valve  spindle  being  much  exposed  in  the  steam-spaccT  so  impeding  the 
f turning  of  this  spindle.     For  this  reason «   it  is  unadvisable  to  allow  the   governor   to  work  this 


U  bl  AH  d  '  T  o  I  h  &  ti  a  e  ti ,  SU}Am-£ti|^iiQi 
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spindle  direct,  hut  certain  mechanisms  are  interposed  to  effect  this  antomaticallj.  The  present 
valve-gear  is  so  designed,  that  the  thread,  or  that  part  of  the  mechanism  serving  for  working  the 
plates  asunder,  is  placed  mtmde  the  valve-box;  as  our  Figs*  195 — 197  shew,  this  mechanism  ii 
arranged  on  the  small  rod  B^  which  is  supported  in  the  frame  ^4,  moved  by  the  expansion-ecoentri(i 

The  nut  C\  of  the  right  threaded  screw,  is  connected  to  the  inner  valve-spindle  G,  and 
hind  plate  i/,  by  the  bar  E;  the  nut  Cj  of  the  left-threaded  screw,  on  the  other  hand,  is  connected 
to  the  front-plate  11^ ,  by  the  frame  i^,  and  the  hollow  spindle  F.  We  must  here  observe,  that 
the  motions  of  the  nuts  and  slide-plates  are  opposed  to  each  other.  These  plates  nearly  approach 
each  other  in  the  same  degree  as  the  nuts  recede  from  each  other,  and  vice  versa. 

The  support  -4,  moreover  carries  a  short  spindle,  whose  mitre  wheel  iV,  gears  into  tk 
wheel  A^,,  keyed  on  the  shaft  B;  the  same  spindle  has  the  spur-wheel  ii,  (made  in  one  with  the 

Fig,  195.  Fig.   196. 


^UM 


Fig.  197. 

disc  K^i),  loosely  fitted  to  it,  and  also  supports  the  worm-wheel  Z,  which,  by  screwing  np  tkt 
thumb-screw  1\  gears  into  the  disc  A'|,  aud  wheel  A'.  The  worm  S,  gearing  on  to  i,  is  snppoclJt' 
by  the  disc  K^,  We  find  gearing  into  the  wheel  iT,  two  horizontal  racks  /,  and  J^  (Fig*  !%!» 
the  upper  rack  has  ii  slanting  lug  h  placed  e^rternaUy^  whilst  the  prolongation  of  the  lowcar  iidt 
has  similarly  an  inclined  projection  i^,  placed  internally.  These  racks  are  gnided  by  tlie  tm¥ 
mentioned  support  vl,  and  take  part  in  its  motion;  but  if  they  receive  additional  motion,  w«dt 
ing  in  opposite  directions  to  each  other,  then  a  rotary  movement  is  thereby  imparted  Iq  ^ 
wheel  A',  and  consequently  also  to  the  wheels  i\^,  and  N^  as  well  as  to  the  screw-8pindl<j  B;  » 
this  mauner  we  obtain  a  different  position  of  the  expansion-plates  to  each  other. 

This  movement  of  the  racks  J  J^  is  performed  by  the  governor,  which  acting  on  the  fwis 
P,  and  ii^  pushes  a  frame  0,  to  and  fro.  Inclined  bars  R^  and  R^  are  fitted  to  each  side  of  tie 
rectangular  opening  of  this  frame  0,  through  which  the  racks  /  and  J^  pass,  so  thai  whfn  ti* 
latter  are  motioned,   according   to  the  position  of  the  frame  0,  the  lugs  t  and  t,    nwiy   come  ia 
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contact   with   these   inolmed    bars   R  aod  i2j,   bo   causing    the   racks    to    be  shifted   in    opposite 
directions. 

Under  a  normal  running  speed ,  the  frame  0,  will  be  in  a  central  position ,  and  the  lugs 
of  the  racks  JJ^  will  then  permit  the  bars  to  pass  freely ;  should  the  frame  bo  raised  or  lowered, 
the  lugs  come  into  contact  The  governor  is  however  only  able  to  alter  the  cut*off  witliin  certain 
limits;  if  these  are  exceeded,  owing  to  increase  or  decrt^se  of  the  engine  load,  then  the  thumb- 
screw 1\  must  be  loosened,  and  the  spindle  turned  by  means  of  the  screw  8,  and  the  wheel  L. 


K  screw  T 

^^^^  6.  rrofessor  IL  v.  Reiclie,  of  Aix-la-Chapelle. 

^^™  In  this  automatic  variable  expansion-gear,   we  similarly   find   the   threaded   portion  of  the 

expansion-valve  spindle,  placed  outside  the  ralve-chest- 

As  shewn  in  the  annexed  Figs.  198—200,  the  expansion-valve  rod,  is  halved  in  its  centre; 
each  half  being  connected  at  one  end  with  one  of  the  expansion  plates,  whilst  its  other  extreniity 
is  connected  to    the  cross  pieces  Tl\    which   by  means   of  the  rods  6'*S,   are  combined   to  form  a 

I  sliding  frame,  upon  which  the  expanBion-eccentrie  works  in  the  usual  manner.    Moreover,  each  half 

■  of  the  expansion-valve  rod  is  again  sub-divided,  the  two  ends  having  threads,   which  form   on  the 

■  one  a  right,  and  on  the  other,  a  left- 
m  screw.    These  threaded    portions   are 

encased  in  right  and  left  threaded 
nuts,  which  nuts  again  piece  up  the 
rod  to  form  a  continuous  bar.  This 
nut  is  movable,  but  is  not  able  to 
turn  in  the  boss  of  a  toothed  wheel 
P  —  resp.  Q  -^t  which  boss  is  carried 
on  a  fixed  bearing;  these  toothed 
wheels  P  and  Q  are  actuated  by  the 
governor  through  the  segment-racks 
N  and  0. 

On  account  of  the  expansion- 
plates  always  moving  in  opposite  di- 
rections to  the  motion   of  the  frame, 

and   for   reason   that   this  movement  Fig.  198— 200. 

must  take  place  with  a  minimum  amount  of  force,  the  travel  of  these  expansion-plates  is  made 
to  ensue  consecutively,  the  one  receiving  its  impulse  by  the  forward,  wliilst  the  other  is  moved 
by  the  return  motion  of  the  frame.  Hence  each  of  the  metal  nuts  is  arranged  to  move  by  itself, 
and  a  double  governor  is  used,  which  acting  on  two  adjuBtment-rods  R  and  •/,  reacts  through  the 
spindles  //  and  A'  on  to  the  toothed  segments  N  and  0;  Thus,  inasmuch  as  rotary  motion 
becomes  imparted  to  one  of  the  nuts  of  the  toothed-wheel  bosses,  we  obtain  the  travel  of  the 
expansion-plate  expressed  by  the  summing  up  of  the  corresponding  screw-pitch;  in  this  manner 
variable  expansion  is  obtained. 


16* 


^^?f 


V>=m 


116 


7*  A.  Pelissieiv  of  llauau. 

In  this  arrangement,  most  of  the  gearing  portion  is  placed  inside  the  valve-box.  Our 
Fige.  201—203  illustrate  the  cylinder-attachments,  whereas  details  of  this  arrangement  are  added 
in  Figs.  204 — 205.  The  expansion  valve-rod  carries  in  a  boxed  head  A\  the  pin  Z  of  h  disc  S, 
fitted  with  two  spiral-grooves  «.  The  latter  receive  the  pins  e  of  the  expausion-valves ,  so  that 
when  the  disc  S  is  turned,  the  position  0f  the  two  expansion-plates  towards  each  other  in  changed. 
The  external  end  of  the  stud  Z  carries  a  lever  A,  fitted  with  a  steel  roller  r  running  in  th«f 
opening  of  a  bolt  E  which  is  similarly  carried  on  small  rollers;  these  cause  the  bolt  when  mo- 
tioned, to  move  in  a  rectilinear  direction;  the  motion  imparted  to  the  roller  r  is  done  in  such  a 
manner,  that  in  oscillating  in  the  foreinentioned  opening  of  the  bolt,  it  slightly  touches  its  bordert 


Pigs.  20] —  203. 
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Figs.  204—205. 
with  each  oscillation.     The  one  end   of  the  bolt  carries  a  pin  ti,    which  fits  in  the   longimdiiuUy 
slotted  hole  of  a  lever  7«;   the  axis  (a)   of  the  latter   is  passed  out  of  the  valve-box    throogh  a 
suitable  stuffing-box  and  is  lightly  carried  on  two  pointed  studs.    The  lever  n  is  nnoanted  on  tht 
same  axis  a  in  the  manner  shown. 

For  transmitting  the  governor-motion,  the  frame  B  carries  a  spindle  having  at  its  midiUc 
a  oam-diso  C;  this  non-circular  disc,  as  soon  as  turned  by  the  governor,  imparts  a  to  mid  b$ 
motion  to  its  encircling  frame  /;,  whioh  alternate  rectilineal  motion  is  transferred  on  to  the  lefS 
fis  In  our  illustrations,  all  the  parts  are  shewn  in  their  ceutral-poBition;  correspondingly  the  lent 
A  assumes  a  vertical  position,  and  the  roller  r  moves  unmolested  in  the  bolt.  As  soon  as  the  kit 
named  becomes  shifted,  the  ruller  r  strikes  against  the  side  of  the  bolt-opening  prior  to  th«  valf^ 
rod  completing  its  stroke,  whereby  the  lever  is  forced  to  change  its  position.  SimultaDeoiiBlj  tJie 
disc  4S  becomes  turned,  so  that  the  pins  of  the  expansion-plates,  which  before  this  occarreaoe  wwp 
in  the  middle  of  the  spiral-slots,  are  shifted  more  towards  one  of  the  groove-ends ^  whereby  ^ 
expansion-plates  are  bronglit  to  the  variable  distance  s  apart  from  each  other. 
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8,    W.  N,  Daek,  of  Fatrkrott.   ( Bertram,  of  Edliibiirgli.) 

(With  inQfitr*tk»iiir  on  Supiilemewt-PUti?  XVI,  Figs,  4  — <>0 
Practice  baa  sbewu  that  tlie  valve-gear  of  Mr.  Dack,  as  illustrated  by  us  on  page  139, 
of  "Corliss  -  engines*',  was  in  a  certain  sense  defective  and  required  improvement.  We  are  not 
in  a  position  of  illustrating  tbe  nature  of  the  improvements  brought  to  bear  on  this  valve-gear 
sinoe  the  publication  of  our  "Corliss-engine'*  work,  so  that  we  here  confine  ourselves  to  illustrating 
the  Dack  valve-gear  as  modified  by  Mr.  Bertram,  of  the  Leith  Walk  Foundry,  Edinburgh.  The 
details  shewn  on  Supplement-Plate  XVI,  Figs.  4—8,  at  once  explain  the  modificatioo  here  adopted, 
I  The  cylinder  of  the  engine  illustrated  has  a  diameter  of  2  ft.  6  in  (762  mm.)  and  a  stroke  of 
3  ft.  6  in  (1066  mm.);  the  engine  is  speeded  to  52  revolutions  per  minute.  The  vertical  air- 
pump  has  a  diameter  nf  1  ft.  8  in  (508  mm.). 


»•    Louis  Soest,  of  Diisseldorf.    Hy.  Berclitold,  of  Tlialweil  (near  ZiiriHi). 

(Willi  illustralions  on  Suii)t)(Mueut-l'l»tE  XVII,  Fig*.  S  — 10.) 
The  principle  adopted  in  the  last  named  valve-gear,  is  repeated  in  the  valve-gears  of  Louis 
Soest  of  DUsseldurf  au<l   of  H.  Beichtolil  of  Ziiiich.     The   difference   between   the   three   designs, 
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Fig.  209. 
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consists  in  the  expansion-valve  rods  not  passing  separately  out  of  the  valve-box,  inasmuch  as  l>y 
making  the  one  hollow,  the  other  rud  is  inserted  inside  it.  The  expansion-platea  may  thas  be 
grasped  centralh^,  and  the  whole  arrangement  disphiys  greater  symmetry,  than  Dack*8  design 
A  second  stuffing-hox  has  of  course  to  he  introduced  on  the  extremity  of  the  one  valve^rod,  so 
as  to  pack  the  internal  rod  steam-tight. 

The  cylinder  shewn  on  Supplement-Plate  XVII,  Figs.  5^—7,  belongs  to  a  pair  of  Engines, 
constructed  by  Mn  Louis  Soest,  of  Diii^Keldorf;  owing  to  the  engines  being  coupled  together,  tie 
governor,  amingea  between  the  two,  works  the  transverse  shaft  on  the  valve-hox,  acting  through 
a  balanced  lever  on  to  a  three-armed  lever.  The  cylioder-boTe  :=  l?^  in  (4J0  mnu) ;  stroke  — 
27V,  in  (700  mm.). 

The  engine-design  of  Mr.  Berchtold,  of  Thalweil  (Switzerland),  is  represented  in  the 
annexed  Figs.  206 — 209.  An  additional  peeuliarity  of  this  valve-gear,  is  the  form  of  the  engine 
bed,  and  of  the  cross-shaft  which  works  the  air  and  feed-pumps  and  the  main-slide. 


10.    W.  Theis,  of  Palermo. 

A  valve-gear  adjustable  by  hand^  and  resembling  the  liust  named  arrangement  is  representoi 
The  expansion-plates  are  here  again  rigidly  connected  with  their  spindle^  au^l 
-  ^  pass   out    of   the    Talve-che^t 


in  Figs.  210—212 
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Figfl.  210—211. 
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Fig.  212. 


out    of 
__  through    two    stuffing  -  boieiL 

^C^^XZIZD  Two  guide  bars  a^  caimect 
these  spindles  with  the  lcT«r 
t',  whose  axis  e  is  sapporM 
in  the  frame  ^,  motioned 
the  eccentric-rod  d.  The  I 
e  slides  on  a  carriage,  whifli 
simultaneously  serves 
guiding  the  main-slide  spindlft 
The  lever  />  is  shifted, 
by  allowing  its  horix<nital, 
arm  to  take  up  in  a  short  slot,  the  nut  of  a  ve 
screw  spindle  /;  hence,  by  turning  the  latter 
means  of  the  hand- wheel  «?,  the  position  of  the  usl^ 
beciimes  altered  in  the  slot. 

A  simpler  arrangement  to  onr  minds,  woild 
consist  in  designing  the  horizontal  arm  of  the  !e?if  j 
as  a  toothed  segment   —    of  small   pitch  —  wk 
would  then  gear  on  to  the  vertieal  spindle. 
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U.   Berlin  lliiloii  i«.  Lim.,  of  Berlin. 

(With  illuBtrntioiLS  on  Spp|jJeiiiont-Plitte  9,  Figs.  I — 8.) 

The  valve-gear  of  the  Engine,  exhibited  at  the  Vienna  Exhibition  by  the  Berlin  Union  Co. 
Lim.,  is  drawn  on  an  enlarged  scale  in  Figs.  4—8  (Supplement-Plate  9;l  The  internal  arrange- 
ment of  the  valve-gear  with  the  main-valve,  and  the  two  expansion-plates,  approaching  and  reced- 
ing from  each  other,  are  as  in  the  Meyer  valve-gear;  but  the  characteristic  feature  consists  in  the 
manner  in  which  the  slide  action  is  obtained. 

No  screw-spindles  are  used,  but  each  plate  is  rigidly  connected  with  a  separate  rod  f, 
which  slide  in  stuffing  boxes  arranged  close  to  and  over  each  othen  These  rods  have  small  links 
with  pins,  which  connect  them  to  a  circnlar  disc  //,  w^hich  is  caused  to  oscillate  by  the  expansion 
eccentric.  As  long  as  the  whole  gear-mechanism  is  in  its  middle  position,  the  disc  receives  no 
other  motion  than  the  one  due  to  the  expansion  eccentric,  cut-off  taking  place  always  at  the  same 
time.     The  cut-off  is  changed  in  the  following  manner: 

Two  levers  d  oscillating  on  rigid  pins  e^  are  furnished  wnth  longitudinal  slots  at  their 
inner  ends,  which  eyes  receive  the  forementioned  pins  of  the  rods  a;  the  steel  studs  /  placed  raid- 
length  on  them,  protrude  into  the  slanted  slots  of  a  carriage  f^.  The  latter  is  under  governor 
control,  and  can  be  shifted  by  the  bell-crank  A,  in  a  vertical  direction.  In  the  middle  position, 
the  studs  J  f  when  oscillating,  do  not  touch  the  sides  of  the  slots,  which  however  takes  place  with 
the  up  and  down  motion  of  the  carriage.  As  a  consequence,  the  lever  d  is  forced  to  oscillate  on 
a  i^ew  centre-line,  so  turning  the  disc  h  to  a  corresponding  angle.  The  expansion-plates  are  thus 
brought  close  to  or  further  apart  from  each  other,  whilst  the  motion  they  have  in  common 
remains  constant. 

The  Engine  we  illustrate  has  a  cylinder  diameter  of  MV^  in  (B70  mm.)  and  a  stroke  of 
[S  ft.  4  in  (710  mm,);  it  w^orks  at  55  revolutions  per  minute  under  a  pressure  of  5  atm.  The  cy- 
linder overhangs  and  is  bolted  to  the  massive  bed,  w^hicb  is  cast  in  one  with  the  main-shaft 
pedestals.  We  may  point  out  the  large  exposed  surface  of  the  valve-chest  as  a  defect  The 
slide-bar  is  of  the  slipper-type,  bored  cyiiudrically,  whereby  a  new  and  unumial  connection  is 
effected  between  the  cross-head  and  its  sliding  surface,  w^iich  must  be  characterised  as  being  very 
light  and  simple. 


12.    The  Nieiil)iirser  Eiseugiesserei  and  Jlaseliiiienfabrik,  of  >ieii1>iirg  i>.  S. 

(With  illiisr rations  oo  Sapplemt'iit-Plate  XIX.) 

The  Steam-engines  of  this  Firm,  are  fitted  with  a  valve-gear,  patented  by  0.  Carin,  The 
expansion-plates,  each  connected  to  a  separate  rod,  cut  off  2^.^  ports  at  once.  The  reason  of  this 
arxangement  is  due  to  the  one-sided  impulse  of  the  valve-rods,  which  in  this  manner  pass  through 
the  centre  of  gravity  of  the  valve-surfaces.  The  external  port-openings  are  2' 4  times  as  wide  as 
the  internal,  on  account  of  the  expansion*valve  shutting  off  the  narrow  ports  when  returning, 
whilst  the  full  flow  of  steam  remains  for  the  broad  port.  If  the  latter  begins  to  close,  then  the 
narrow  ports  commence  to  open,  so  that  the  area  of  surface-admission  may  not  be  curtailed,  and 
subsequently  the  three  ports  are  shut  off  together. 

In  the  rod  e  —  Figs.  213—216  —  moved  by  the  eccentric,  a  stud  i  turns,  and  these 
oscillations  are  repeated  on  the  lever-arms  A  /^l,  which  are  of  equal  lengths.  Its  extremities  are 
connected  with  the  expansion-valve  rods  s  s^^   by  two  guide  links  7*  and  r^.     Any  undue  turning 
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of  the  lever  is  counteracted  by  a  brake-arrangement,  tlie  lever-arm  h  being  of  a  disc- form,  wliilst 
the  wooden  cone  k  is  fastened  to  it.  The  brake-piece  m  ia  prevented  from  turning,  and  may  be 
passed  against  the  wooden-oone  by  a  set-aorew  a;  thereby  the  lever  hh^  is  hindered  from  turning 
by  frictional  resistance. 

Fig.  213.  J^V  213. 
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Underneath  the  expansion  valve  ritd  *,  we  have,  a  worm  o  moimted  on  a  steel-pin  Ij 
to  the  governor-stand;  this  worm  can  be  easily  motioned  off  the  governor  by  the  rack  u*, 
the  toothed  wlieel  v.  Now  when  the  lugs  j)  and  y  on  the  expansion-rod  .v,,  strike  again  the  warm, 
a  stoppage  ensues  —  i.  e,  the  expat  sion  rod  s^  —  assumes  a  different  position;  this  bowcTer 
commands   an   altered   position  of  the   rod   e   through  the   lever  IJt^,     If  the  governor  has  dllt 
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ateiuii  off,  the  lugs  p  and  tj  no  longer  come  in  contact  with  the  worm  o.      The  governor  is  fit) 
with  two  additional  spiral  springs^  whereby  the  normal  engine  speed,  may  be  varied* 

Noteworthy  is  the  engine  girder- frame  illustrated  on  Supplement-Plate  XIX,  whick  tfii 
merely  gives  a  pleasing  effect  to  the  machine,  but  also  contributes  to  the  solid  bedding  of  tfc# 
oross-head. 
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i:)-   Erie  City  Iron-Works,  Erie,  (Peiin.  l\  8.  A.) 


The 


il 


^  lera^arrangenient  of  the  engines  niades  hy  this  Firm,  was  already  illustrated  un 
page  24,  The  large  bv/M  engines  are  however  supplied  with  an  expansion-gear,  which  we  re- 
present  in  the  annexed  Figs.  217—219.  We  raeet  here  the  novel  feature,  that  the  two  ports,  1 
and  2,  of  the  main-slide,  are  no  longer  parallel  to  each  other,  but  converge  towards  one  another. 
We  note  that  the  wedges  introduced  in  the  Hhauk  expansinn-gear,  as  illnstrated  and  described  by 
na  on  page  130— 131,  of  our  second  Volume,  are  transferred  U  the  [jort*openings  and  to  the  expansion- 


Fig.  217. 


Fig.  219. 
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I  valve.  The  latter  is  no  longer  com 
posed  of  two  pieces,  but  of  one  single 
casting,  and  may  therefore  bo  termed 
a  trapez-valve.  The  distance  of  the 
working  valve-edges,  which  must  na- 
turally be  measured  in  the  valve- 
travel  direction,  is  altered  by  the 
rising  or  falling  of  the  trapez-slide, 
—  i.  e,  in  normal  direction  to  the 
valve -motion,  whicli  movement  is 
depending  on  the  longitudinal'  motion 
of  the  slide.  The  lateral  edges  in- 
clude the  same  angle  (65*^)  with  the 
port-edges  of  the  main-slide.  Fig.  218. 

In  the  annexed  wood-cuts,  the  divided  l>-slide  has  been  utilised.  The  expansion-slide, 
with  its  link  a,  is  connected  to  its  valve  spindle  ^,  in  order  to  impart  vertical  motion  to  the 
ralve.  The  latter  slides  on  an  inferior  wedge-formed  piece  c,  which  is  hung  by  the  link  <^/,  to  the 
metal  of  tlie  valve-box.  Below,  we  have  the  wedge  e,  to  which  a  rod  /,  passing  out  through  a 
stuffmg-box,  is  fixed;  this  rod  can  be  drawn  in  and  out  by  an  external  handle,  whereby  the  fore- 
J"€J^^'i*>if'^l  rising  or  falling  of  the  valve  is  obtained.  The  governor  w^orks  on  a  throttle-valve,  in 
Ktbese  engines. 


14.  J.  Ewerliaril  of  (icvclsberg^  Westplialhi. 

The  expansion-valve  in  this  valve-gear  is  also 'a  trapez-valve,    The  annexed  Figs.  220— 223, 


J  illustrate  the  arrangement 
inside  the    valve-chest ,  as 
well  as  the  face  uf  the  maiu- 
f  slide  A,  and  of  the  trapez- 
Kfthre  B,     These    two    are 
"  arranged  on  the  same  prin- 
ciple     as     the     preceding 
example;   towards    the  cy- 
linder, the  main-valve  ports 
are  parallel   to  each  other, 
but  converge    at   an    angle 
'^of  75**   on   the   expansion- 
slide  face. 

[I|ilun4  -To]  lMii«r»n,  St(»>iin  Eiiffinei. 


FIga.  220-221. 


IC 


122 

The  double  rootdoD  of  the  trapez-valve,  (patented  io  Grermany),  is  obtained  in  the  follow* 
ing  manner:  The  frame  Cy  is  motioned  to  and  fro  by  the  eccentric;  it  is  made  to  include  with 
its   two    parallel    sides    the   four   cornered    shoulder    of  the    expansion -valve,    so    that  a  motion 


-\. 


Fig.  S23. 


Fig.  222. 

rectangular  to  the  cylinder  axis,  is  thereby  imparted  to  it.  The  two  other  aides  of  this  ahotilder, 
are  carried  in  the  frame  />,  which  by  means  ot  the  governor  or  a  lever,  can  be  shifted  vertically 
to  the  slide-stroke.  Tlie  two  valves  arc  drawn  in  their  central-position.  A  plate  /\  ig  fitted  t^ 
the  expansion-slide,  for  balancing  purposes, 

15.  Fr.  Beeker,  of  Mark-C^lmlbaeh. 

In  Figs.  224—230,  we  ^how  two  German  patented  valve-gears,    the  one  for    a  certain  oi^ 
chanisin  effecting  the  riitutioii  at  the  vii he-rod  o^  the  other  referring  to  the  arrangenient  of  a  grid* 
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formed  expansion  valve  6,  whioh  is  made  also  in  one  piece  only.  A  toothed  rack  is  cast  on  its 
back,  into  which  a  small  segment  (balancing  the  valve  and  furnished  with  counter  weight  c,)  gears. 
In  connection  with  the  external  mechanism,  the  valve-spindle  a,  carries  a  rigid  collar  d  ^  on  to 
which  a  helical  shoulder  A,  is  cast.  In  front  of  the  latter,  we  find  supported  in  bearings  ^^,  a 
saddle  /,  which  at  i,  is  grasped  by  the  governor  rod.  This  saddle  is  furnished  with  two  lugs  kk^j 
whioh  respectively  play  over  and  under  the  shoulder  h.  Their  horizontal  distance  is  determined 
to  allow  the  shoulder  to  move  over  the  whole  slide  travel,  without  coming  in  contact  with  the 
forementioned  lugs.  We  may  now  observe,  that  on  the  saddle  /,  turning,  the  threaded  surface  A, 
also  comes  in  contact  with  the  inclined  surface  of  one  of  the  lugs,  and  gliding  over  this  surface, 
is  simultaneously  forced  to  rotate.  This  rotation  effects  as  we  have  seen  a  shifting  of  the 
expansion-plates  vertically  to  the  direction  of  motion,  whereby  the  distance  of  the  working-edges 
is  altered.  On  account  of  the  lugs  being  formed  exactly  to  the  helical  surface  of  A,  the  force  of 
contact  is  deadened,  and  rotation  ensues  without  noise. 

The  governor  in  this  valve-gear,  also  does  not  work  continuously,  but  only  during  one 
valve-stroke.  As  long  as  no  alteration  in  the  engine  loads  is  manifested,  or  so  long  as  the  speed 
is  not  changed,  no  connection  takes  place  between  the  expansion  mechanism  and  the  governor-rods, 
whereby  the  latter  eatperienoes  no  annoyance  at  the  hands  of  the  other  valve-gear  portions.  The 
same  remark  applies  to  Pelissier's  valve-gear  described  by  us  on  page  116. 


16.   D.  Longworth,  of  London. 

We  may  supplement  this  chapter,  with  Longworth's  automatic  valve -gear  and  go- 
vernor. Similar  to  the  last  described  example,  the  expansion  -  valve  is  free  to  move  at  right 
angles  to  the  direction  of  travel  of  the  main-slide.  As  the  governor  adopted  shows  some  novelty, 
we  will  describe  the  same,  utilising  for  this  purpose  the  description  published  by  "Iron",  whence 
€fui  Pig.  231  is  also  borrowed. 

The  new  features  in  the  governor  itself  consist  first,  in  the  introduction  of  a  cast-iron 
bell  or  hollow  cone,  suspended  on  the  vertical  governor-spindle,  rotating  with  it,  and  capable 
likewise  of  an  up-and-down  movement  on  the  spindle  by  means  of  a  slot  in  the  latter.  This 
hollow  cone  acts  as  the  counterpoise  to  the  centrifugal  force  of  the  balls,  replacing  the  weight  in 
the  well-known  Porter  governor.  Within  the  cone  revolve  the  governor-arms,  suspended  from  the 
spindle  in  the  usual  manner.  The  specialty  of  the  governor-balls  is,  that  instead  of  being 
rigidly  connected  to  the  arms,  as  is  usually  the  case,  they  are  free  to  revolve  upon  pins,  and 
the  surface  of  the  hollow  cone  upon  which  they  act  can  be  varied  in  form,  and  the  governor  thus 
rendered  as  isochronous  as  required.  As  the  counterpoise  is  mounted  on  the  spindle  above  the 
point  of  suspension  of  the  ball  arms,  the  bearing  in  which  the  governor  spindle  revolves  can  be 
brought  quite  close  to  the  point  of  suspension  of  the  arms.  The  spindle  is  thus  effectually  steadied 
without  the  aid  of  a  top  bearing;  thus  there  is  much  less  vibration  and  wear  than  in  the  old 
methods,  and  the  governor  is  therefore  more  durable.  The  balls  being  completely  covered  in  by 
the  counterpoise,  all  risk  of  accidents  is  entirely  avoided.  It  will  be  seen  by  reference  to  the 
illustration,  that  the  governor,  although  running  at  a  high  speed,  is  driven  by  gearing  instead  of 
by  belt.  We  would  direct  special  attention  to  this  point,  as  many  accidents  have  occurred,  both 
to  engines  and  machinery,  through  the  breaking  of  the  belts  which  drive  the  governor. 

The  main  slide-valve  is  actuated  by  an  eccentric  and  a  slide-rod  in  the  usual  manner,  and 
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alteniately  cut  off  from  eitlier  end  of  the  cylinder.  Wlien  the  valve  remains  in  mitl-stioke,  steam 
can  be  admitted  to  either  end  of  the  cylinder.  This  point  is  obviously  of  importance  on  many 
occasions.  In  the  case  of  Rolling  Mills  for  example,  when  a  bar  gets  jammed  in  the  rollers, 
the  expansion  valve  can  be  rendered  inoperative  by  a  slight  modification  in  the  spiral  cam,  and 
the  engine  can  then  be  reversed  by  the  usual  hand  gear.  As  the  total  travel  of  the  expansion 
valve  is  only  Ya  i^<^^  in  a-  ^0  horse-power  engine,  it  will  be  readily  seen  that  the  wear,  as  well 
as  the  power  required  to  move  the  valve,  is  reduced  to  a  minimum.  The  expansion  valve  remains 
in  whatever  position  it  is  moved  into,  whilst,  aa  ita  travel  is  at  right  angles  to  that  of  the  main 
valve,  the  cut-off  can  take  place  as  early  or  as  late  as  is  required. 

The  connection  between  the  governor  and  the  valves  is  formed  as  follows:  —  On  the  back 
of  the  expansion  valve  are  cast  two  horizontal  ribs,  the  space  between  them  forming  a  groove 
in  which  is  freely  fitted  the  end  of  a  toothed  lever  attached  to  a  rocking  shaft,  which  is  placed 
parallel  with  the  main  .slide-valve  rod,  and  passes  out  of  the  steam-chest  through  ordinary  stuffing 
boxes  and  glands.  On  this  rocking  shaft,  and  outside  the  steam-chest,  is  ke3^ed  a  forked  lever 
having  a  weight  attached  to  counterbalance  the  expansion  valve.  This  lever  carries  two  rollers. 
Between  the  rollers,  and  mounted  on  the  horizontal  shaft  shown  for  driving  the  governor,  is 
placed  the  before-mentioned  spiral  cam.  This  revolves  at  the  same  speed  as  the  crank-shaft  of 
the  engine,  while  it  is  capable  of  being  moved  along  the  shaft  by  the  hell  crank  lever  connecting 
it  with  the  governor.  As  the  spiral  cam  revolves,  it  acts  alternately  on  the  rollers,  and  through 
them  on  the  expansion  valve.  Since  the  cam  acts  upon  the  rollers  during  only  one-third  of  its  re- 
volutions, it  is  quite  free  to  assume  any  new  position  consequent  on  a  change  of  speed  in  the 
engine  during  the  remaining  two-thirds,  and  there  being  thus  no  resistance  of  any  kind,  the 
maximum  of  sensitiveness  is  obtained. 

The  working  of  the  automatic  mechanism  can  now  he  readily  understuod.  When,  owing 
a  lightening  of  the  load  on  the  engine,  the  speed  of  the  governor  is  increased  above  its  normal 
rate,  the  augmented  centrifugal  force  of  the  balls  forces  the  hollow  counterpoise  to  move  up  the 
spindle.  Coming  into  contact  with  the  bell  crank  lever,  it  acts  through  this  upon  the  spiral  cam, 
causing  the  latter  to  move  to  the  right  hand,  and  thus  bringing  a  niijre  advanced  section  of  its 
spiral  into  the  same  place  as  that  of  the  rollers  on  the  forked  lever.  The  steam  is  thus  cut-off 
earlier  in  the  stroke.  When,  owing  to  an  increased  load  on  the  engine,  the  speed  is  diminished, 
nnd  the  counterpoise  moves  down  tlie  spindle,  an' effect  takes  place  opposite  to  that  just  described, 
and  the  cut-off  is  later.  The  peculiarity  of  the  spiral  cam  consists  in  this:  —  Its  eccentricity  is 
00  slight  that  the  angle  with  which  it  acts  on  the  rollers  is  within  the  angle  of  repose  of  the 
acting  surfaces,  so  that  there  is  no  tendency  in  the  cam  to  resist  the  actiun  of  the  governor. 
Experience  has  sliown  that  in  point  of  durability  the  cam  will  outlast  the  engine  itself.  It  also 
gives  a  quick  cut-off,  and  the  gear  is  said  to  work  quietly  at  200  revolutions  per  minute. 


17.    Tlio  Original  llUUr  Vjihivy;ear. 

The  preceding  valve-gears  form  as  it  were  the  stepping-stone  to  the  Rider-gear,  so  called 

after  its  inventor  A.  K.  Ilider,  of  New- York,   The  only  difference  between  the  two  ty^es  consists  in 

[the   abandonment   of  the  ft^t  trapez-valve  face  B,  for  a  ei/lifidrical  face,  whose   axis  coincides  with 

fhe  axifi  of  the  expansion-valve  rod  />/;;   this  new  expansion-valve  is  similarly  motioned  vertically 
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to  the  maiti-slide  direction,  which  is  done  by  causing  its  spindle  to  turn,    whereby    the  distance 
of  the  working  edges  is  altered. 

The  longitudinal  section  and  plan  shewn  in  Figs.  233  and  234  at  once  explain  the  oourte 
of  the  porta  ar/,  in  relation  to  the  main-slide  .4,  which  now  appear  of  helical  form.  The  exp&a- 
sioii  valve  B,  is  drawn  over  the  main-slide  A\  the  sides  of  the  former,  form  an  angle  of  80°,  a.* 
is  best  seen  from  the  development  of  the  slide  surface  represented  in  Fig.  236, 
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Fig«.  232— 2S6. 

To  motion  the  expansion- valve,  its  rod  A,  is  flat,  and  is  provided  w^ith  necks  which  fit 
exactly  in  the  socket  of  the  former.  The  rotary  motion  of  the  expansion- valve  rod,  which  extends 
to  90**  for  all  available  cut-offs,  can  easily  be  eU'ected  by  the  governor,  whose  rod  works  a  leTff 
placed  over  this  valve-rod.  To  admit  of  the  to  and  fro  motion  of  the  valve-spindle  taking  plaot 
the  last  named  lever  is  square,  or  is  loosely  mounted  on  a  key-way,  which  permits  the  lonp* 
tudinal  motion  of  the  vsilve-spindle. 

Owing  to  the  simplicity  of  the  Rider  valve-gear,  it  has  been  extensively  used,  and  we  no* 
propose  to  describe  some  of  its  applications  by  certain  Engineers: 


\H.   Endues  fitted  with  the  Rider  valve-sear, 

a.    (J.  Sigl,  of  Vienna. 

(Wirli  i  11  uit rations  on  Siijipk»nieirt-t1jitc   IG,  Fit^s.  1  —  10.) 

The  Vienna  International  Exhibition  brought  the  Rider  valve-gear  into  greater 
and  to  G,  Sigl  the  merit  is  due  of  having  introduced  considerable  improvements  on  the  origiwl 
design.  On  Plate  16,  we  illustrate  several  Rider  valve-gear  modifications  of  this  EngiiKi^naf 
Firm.  In  Fig.s.  1 — 4  of  the  same  Plate,  we  shew  an  engine  of  12*40  in,  (315  mm.)  cyUadeHMif^ 
and  of  24*80  in.  (*>30  mm.)  stroke,  designed  with  short  steam-ports,  on  the  face  of  which  a  ck 
valve  slides;  the  expansion  valve  appears  therefore  correspondingly  long.  Noteworthy  is  the 
stmction  of  the  valve-chest,   the  cover-joint  of  which  passes  through  the  oeQtre  of  the  eacptnsi^^ 
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valve  spindle.  A  feed- water-heater  ia  arranged  inside  the  cylinder-support;  the  former  consists  of 
two  short  wrought-iron  pipes,  closed  at  their  ends,  which  are  surrounded  by  the  exhaust-steam, 
and  are  connected  together  by  a  top-piece.  The  circulation  in  these  pipes,  ensues  longitudinally 
b}^  inserting  two  smaller  pipes,  which  conduct  the  feed-water  to  one  end,  and  take  it  away  again 
at  their  other  extremity.  The  engine  is  fitted  with  all  the  necessary  fittings  to  enable  indicator- 
diagrams  to  be  taken  off  each  cylinder-end. 

The  pair  of  Engines  represented  in  Figs.  5 — 9,  of  the  same  Sup])lement-PIate,  was  one  of 

kthe  Steam-Motors  of  the  Vienna  International  Exhibition.  It  shews  a  sensibility  in  the  regulation 
of  its  balanced  liider-valve-gear,  which  leaves  nothing  more  to  be  desired.  The  details  of  Figs.  8 
and  9,  shew  how  the  main-valve  is  furnished  with  a  cover,  inside  whose  slotted  surface  similarly 
inclined  passages  are  arrauged.  As  the  expansion-valve  is  arranged  with  diametrically  opposed 
ledges,  a  perfect  balancing  of  this  valve  is  obtained.  The  engine  has  a  cylinder  diameter  of 
23'71  in.  (526  ram.)  and  a  stroke  of  41-50  in,  (1054  mm.).     The  range   of  automatic    cut-ofl*  lies 

t between  0*03  and  O'fi  stroke.  The  nmnber  of  revolutions  per  min.  =  42.  The  cylinder  cast  in 
one  with  the  valve-cliest,  is  bolted  to  the  bed-plate,  the  crank-shaft  pedestal  being  also  bolted 
thereto.  The  bed  is  scooped  out  to  receive  a  crank-race,  and  forms  also  the  slipper-guidc  for  the 
cross-head*  To  shorten  the  length  of  the  porta,  the  expansion  eccentric  is  brought  close  up  to  the 
crank-shaft  pedestal,  and  it.8  rod  is  in  a  straight  line  with  the  expansion-valve  spindle;  on  the  other 
hand  the  outer  eccentric  has  to  act  on  an  intermediate  lateral  lever-spindle,  so  as  to  get  clear 
o€  the  expansion^rod  on  to  its  own  main-slide  spindle. 
^K  An  arrangement  where  no  regard  is  paid    to  shortening   the  steam-ports    is  illustrated  in 

our  Fig,  10,  of  the  same  Supplement-Plate.  It  is  shewn  as  applied  to  a  20  IIP,  Engine  of  12*40 
in.  (315  mm.)  cylinder-bore,  and  24'80  in.  (G30  mm.)  stroke,  which  Engine  was  also  exhibited  at 
the  Vienna  International  Exhibitiun. 

li.    Oebriider  Snlzer,  of  Wfnterthur. 

(With  illustrfttj%m»  tm  Siipplemoiil- Plate  15,  Y\^^.  5— <J-) 

e,    Maseliiiienfabrik  Aiigs*lmrp,  of  Augsburg. 

(TiVith  illiMtradaiii  on  Su p pi <?m put- Piute  15,  Fig»,  1 — 4.) 

The  Engine-cylinder  constructed  b}'  Messrs,  Sulzer  Bros.,  illustrated  in  longitudinal  and 
transverse  sections  on  Supplement-Plate  15,  Figs.  5—6,  is  built  in  an  improved  form  by  the  Ma- 
schinenfabrik  Augsburg,  who  as  licensees  have  acquired  the  right,  off  the  first  mentioned  Firm. 
We  shew  the  improved  arrangement  in  Figs.  1^ — 4  (Supplement-Plate  15).  A  comparison  of  these 
two  valve-gears,  shews  that  in  the  last  named  design,  the  expansion-valve  is  balanced.  The  cy- 
linders are  cast  with  double  linings,  the  admission  taking  place  from  below,  so  that  the  steam 
passes  through  the  jacket,  and  through  a  superior  hand*valve  in  to  the  valve  chest,  arranged  at 
the  cylinder-side.  We  note  a  new  arrangement  of  engine-girder  frame,  furnished  with  legs,  fore 
and  aft.  The  front  cylinder-cover  is  cast  with  the  bed,  and  the  overhanging  cylinder  is  bolted 
thereto  hy  eight  bolts.  The  eccentric  rods  are  supported  in  a  characteristic  method.  The  8olzer 
Engine  drawn  on  Supplement-Plate  15,  to  a  smaller  size  than  the  one  alluded  to  in  our  Table  under 
No.  27,  is  of  7*08  in  (180  mm.)  eylinder^bore,  and  17*72  in  (450  mm.)  stroke,  running  at  i*0  revs, 
per  min.  The  Augsburg  Engine-type  has  a  cylinder  of  r»"69  in,  (170  mm.)  diam.  and  of  15*75  in, 
(40(>mra.)  stroke,  and  works  at  120  revs,  per  minute.  Kunning  under  5  atm.  pressure,  and  cutting 
off  at  1 4  stroke,  it  gives  off  10  HP.  In  conclusion  the  designs  of  these  two  engines,  must  be 
Imitted  to  be  exceedingly  elegant. 
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d.   Buflkud  Frtres,  of  Lyoiis» 

In  addition  to  the  Engine-type  illustrated  by  us  on  page  184  of  our  seeond  volume, 
Messrs.  Buffauil  PrAres,  of  Lyons,  oonstruot  a  Bider  Valve-geared  Engine  which  we  illustrate  in 
Fig.  837,  with  condenser  attached.  The  general  design  of  the  machine  will  be  seen  from  our 
woodout,  and  as  the  valve-gear  mechanism  is  repeated  in  its  orig^al  form,  we  will  merely  append 
a  Table  of  the  chief  dimensions  relating  to  these  Engines: 


Hone-Power 

4 

6 

8 

10 

18 

15 

20 

25 

80 

40 

50 

60 

Pjlinder  diam.  in  incheB 

Stroke  in  in 

Revolutions  per  minnte    .. 

6.69 

16.T8 

75 

7.87 

16.73 

75 

9.45 

20.48 

70 

11.02 

20.48 

70 

11.81 

20.48 

70 

11.81 

28.62 

65 

1S.78 

25.98 

65 

14.96 

29.92 

50 

16.14 

29.92 

50 

17.72 

85.43 

45 

19.69 

89.87 

45 

21.66 

89.87 

45 

Fig.  238—289. 


e.   Oebrflder  Saehsenberg,  of  Bossiau,  o/Elbe. 

(With  iUnBtrmtiona  on  Sapplement-Pl«te  14,  Ilgs.  1—7.) 

The  Rider  Valve-gear  has  also  been  adopted  in  its  original  form  by  these  Engineers,  as 
«hewn  on  our  Supplement-Plate  14,  Figs.  1—7.  That  this  valve-gear  works  well,  is  proved  by 
tiie  annexed  diagrams  Figs. 
2S8  — 239.  The  first  of 
these  was  taken  with  the 
Engine  running  idle,  steam 
much  throttled,  and  cut-off 
at  0*4  stroke,  whereby  mean 
pressure  =  0-340  atm.  The 
revolutions  per  min.  =  58, 
and  as  the  stroke  =  26-77  in. 
(680  mm.),  an  indicated  HP.  of  54-5  results.  The  cylinder  diam.  =  13'39  in.  (340  mm.).  The 
second  diagram  (Fig.  2.39)  corresponds  to  cut-off  at  y^  stroke,  82  revs,  and  6  ft  (1*85  m.) 
mean  piston-speed.  The  average  pressure  =  1*86  atm.  and  the  indicated  HP.  =  42*05.  The  ge- 
neral engine-design  has  some  characteristic  features.  In  the  first  place,  we  note  the  semi-Corliss 
and  semi-box  frame.  The  connecting  rod  has  received  the  double  "y-section,  as  at  times  applied  to 
locomotives.  Access  is  gained  to  the  interior  of  the  bolted  valve-chest,  by  the  top  cover,  for 
reason  that  the  steam  supply-pipe  is  cast  at  the  side  of  the  valve-box. 

f.   The  Swiss  Locomotive-  and  Machine-Works,  of  Winterthnr, 

(With  illustrations  on  Supplement-Plate  U,  Figs.  S~-18.) 

The  Manager  of  this  Company  (Mr.  Ch.  Brown)  has  adopted  the  Bider  Valve-gear  in  a 
somewhat  modified  form,  and  it  is  this  modified  design  we  represent  on  Supplement-Plate  14, 
Figs.  8 — 13.  For  balancing  purposes,  the  main-slide  has  a  cylindrical-casting  cast  on  it,  taking 
up  the  cylindrical  expansion-valve.  The  motion  of  the  main-slide  is  obtained  direct  from  the 
eccentric;  on  the  other  hand  the  expansion- valvb  is  driven  off  the  same  eccentric  disc  by  an  inter- 
mediary mechanism.  To  this  end,  a  pin  is  screwed  into  the  upper  part  of  the  eccentric  ring,  for 
the  purpose  of  taking  up  two  links,  which  form  as  it  were  a  knee-leverage.  The  motion  ensuing 
off  the  latter,  is  identical  to  the  one  obtained  by  a  second  eccentric.  The  cylinder-diam.  is  9*84  in. 
(850  mm*);  its  stroke  =  19*69 in.  (500 mm.).    The  cylinder  is  jacketed,  and  is  provided  with  extra 


Uhland-Tolhauien,  Steam- En^net. 
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lining.     The  fork-shaped  hed  ie  o^^tie'd  ottt^  to  ^Ive  a'csceilt  too  tlfe  cylinder  stuffing  box  and  to  tbe 
crosS'head.    The  latter  is  provided  with  screw  attachment.    The  two  engine-bed  prol%s,  each  form 
a  beariiig  for  the  main-shaft,    and  as  shewn  in  Figure   11,   they  are  carried  on  legs,    so  that 
engiue*frame  is  supported  on  three  points.     In  place  of  a  cranked  main-Bhafi,  two  crank-diseB 
used,   which   carry  between   them   the  crank-pin;    the    latter   is  4*72  in.   (120  nam,)  in    diam. 
7*87  in.  (200  mm.)  long.     The  feed-pump  is  driven  off  the  fVee  end  of  the  main-shaft  by  a  small 
crank.    We  may  also  draw  attention  to  the  support  given  to  the  valve-rods,  which  by  tke 
arrangement  adoj^ted^   enabl«3s  theit    lengths    tb   be  altered,   sin^ultaneously    allowing    ea'cli  Vi 
spindle  to  turn  by  itself^  though  tb©  Proell  governor  only  works  on  the  one  expansion*vlaive 

g.    The  ^'Klielnische  MaseWneTifaWlk'',  of  Kalk,  Heir  WeKlt**  ~ 

(With  illtiatnitioiia  on  Suppleoient-Plate  17,  Figs.  1  —  5.) 

expansion  -  valvfe     is    here    balanced ,     and    to    'effect    this ,     the    main  -  slide 


The 
received  a  cover  screwed  on*  Noteworthy  is  the  manner  in  which  the  valve-spindles 
supported  in  their  straight  motion.  The  expansion-eccentric  is  fitted  close  tip  to  the  beaHng  an4 
the  respective  valve-rod  is  supported  in  two  bearilfigs  of  a  bracket;  between  the  two  be«riiigt 
this  rod  simultaneously  serves  as  a  guide  to  the  cross-head  of  the  main-slide  spindle^  in  the  mann^ 
shewn  in  Fig.  2.  The  cylinder-diameter  of  the  engine  illustrated  ^  7'87  in.  (200  inm,)  its  strofa 
=  15'76  in.  (400  mm.).  The  cylinder  ports  are  somewhat  long,  still  the  exhaust  pipe  does  net 
touch  the  actual  cylinder.  Generally,  the  feed- pump  is  fixed  to  the  expansion-eccentrio^  althongl 
we  have  omitted  it  in  our  drawings. 

1.    ©ebrlider  tfelffer,  of  Katserslautern. 

(With   illuslrations   ou   Supplement -Plate   17,   Figs,  G  — 13.) 

To  reduce  the  clearance  spaces,  —  amounting  in  this  example  to  only  2 — 3  per  cent  — 
Gebrtider  Pfeiffer,  use  the  divided  slide-arrangement,  illustrated  on  Supplement-Plate  17,  in  Kgi. 
6—13-  Respecting  the  proper  distribution  of  steam,  the  circular  diagram  (Fig.  240)  may  be  ad- 
^i^%,      h     _Jfc   Vf  Vi    9i»  ^    vantageously  consulted;   it  was  drawn  under  the  following  cod* 

structive-data: 

Advance-angle  6  =20^;  Port- width  a  =  142  in.  v36iil, 
Advance-angle  Sq  ^  80*^;  main-slide  eccentric  r  =|  a  — 
1*89  in.  (48  mm.);  external-lap  e  =  ^^  a  =  0-47  in.  (12  miiL); 
internal-lap  i  ^  0'08  in.  (2  mm.),  external-lead  v  =  016  in. 
(4  mm.);  bridge-width  =  V  +  10  =  MO  in.  (28  mm,);  L—l  = 
^•21  in.  (56  mm.);  expansion-eccentric  r^  ^  2*28  in.  (5^  mjiLl 
relative  eccentricity  r^  =  2*11  in.  (53'5  mm.).  The  qylinder  n 
steara-jacKeted,  and  our  J'ig.  lO,,  explains  the  steam-supply  it* 
Fi^r.  tm,  gulation  tlirougb  a  hand-wheel,     fbis   engine,   with    a    cytindff 

dfabie'ter  of  l9'fj9  in.  (500  mm.)    and  a  stroke  of  37'6l  in.  (940  Unm.},   gave   ok  when  working  ai 
*6  atto.  over-pressure  in  'the  *boiler,  55  effective  ItP, 

i*    Hayward,  T>ier  ft  Co.,  ^f  Lotidon. 

(Wiih  illoMtratiohs  on  Sirpp](!mFi]t4nACe  XX.) 
In  the  ertgirte  reprresented  on  our  Stq^plement-Plate  XX,  the  govemoT  works  cm  tfc©  ?lW^ 
spindle  by  tack  and  segment  gear.     The  segment  is  left  open,    to  aHoW  the  maiti-slide  mdIIiI^ 
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m 

^a^il  thraugli  it.     The  bottom  end   gf  Xho.  gov^Xttor  rod,   carzies  a  weighty   wtucl^  piaj   ba  a^lter^d 

^Qoor^ing  to  tji^  «pee^  at  wbic||i  the  ^ngin^  U  d^eir^  to.  ^un.  The  CQ^^ie^tio^  of  ti^^  ^pan^ion- 
y%\Y^  wi^h  iU  ipiadle,  1$  ^ected  ]^  a  pin  screwed  qn  the  la^er,  with  a  »p;ral-^piij;ig,  T^i^  9J- 
liuder  diameter  =  ^2  in,  (304-5  mm.)  a^d  its  stroke  =  24  i^.  (^09  Jmi.).  Th^  ^u^ne  ^hit^t^^ 
at  the  "P^r;^  Exhibitiop"'  of  1618  ^  was  fuxaislied  with  a  b^ake,  for  the  purpose  pjf  ^he^^^i^g  ^h^ 
sensitiveness  of  the  action  of  the  governor  on  to  the  valve-gear.  Li  the  annexed  Table,  we  publish 
the  chief  dimensions  of  these  Engines  (made  with  cranked  main-shaft  up  to  6  i/P.,  but  constructed 
after  the  design  shewn  on  our  Supplement-Plate  XX  in  larger  sizes): 


Nommftl  Horse-powei-      

Cjlinder-diAmeter  in  in* ,. 

Btroke  in  in » « 

Flywhe*l-diftnieter  in  in.       

Width  of  Fly-wheel  t\i^  m  in.  .,     ., 
Diaraeter  of  ste&m  supplj  pipe  in  in. 
iMflineter  of  etcam  exhan^t  pip^  in  in. 
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k*    RikkerB,  of  St.  Benia  (Frmipe). 

The  peculiar  way  in  which  the  crank-pin  is  motioned  in  the  engines  made  by  Mr.  Rikkers, 
of  St  Denia,  gives  a  characteristic  appea^rance  to  this  engip^-type,    aa  will  be  seen  on  examining 


mg.  241. 


*^ 


Fig.  242. 


mmmm 

the  annexed  illustrations  Figs.  241 — 247,    shewing  this   arrangement   to   vertical   and  ^o^izRpial 

Em  rode  are  used,  as  may  be  seen  in  Figs.  241  —  242.   Constructed  in  this  manner^ 
17* 


lever  e,  off  the  governor-rod  r,  the  wheels  h  doubling  the  motion*  To  vary  the  speed  or  tk 
power  jf  the  engine,  the  noririal  position  of  the  go%^ernor-balla  ^  is  brought  to  coincide  witk  it 
desired  positions  of  the  slides,  by  the  screw  /  attached  to  the  lever  e.  The  finger  z  of  a  ioJi 
attached  to  the  wheel  d^  shews  the  cut-off  at  which  the  engine  is  working.  Engines  of  4 — 8  Bf- 
made  after  this  pattern  are  designed  with  one  cylinder,  but  in  sizes  from  10 — 50  horse-poirtiii 
they  are  made  with  two  cylinders  as  illustrated  in  Fig.  247.  The  cylinders  are  ateam-jaiebotcd; 
they  are  made  very  short,  as  the  following  Table  of  Horizontal  Engines  displays,  and  we 
observe  that  the  first  named  size,  works  with  fixed  expansion. 
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Morte-power     ,.    ,,    „    ^,    „ 

Cjlinder^dimmeter  in  in. 
Stroke  in  in.     „     ..     „ 
Hcvolutioxis  per  minute    *,     .. 
Weight        ..     .,     .,     ,.     ,.     .. 
Length  of  engine  in  ft.  and  in. 
Width  of  engine  in  ft,  and  in. 


4 

6 

d 

10 

12 

16 

20 

25 

80 

40      ' 

S.69 

8.8  & 

11.81 

7.87 

9  84 

11.81 

12.99 

14.67 

16.75 

17.72 

7.87 

9.95 

11.81 

7.87 

9.84 

11.81 

12.99 

14.57 

15.75 

17,72 

100 

100 

100 

90 

90 

80 

70 

70 

65 

60 

Ucwte. 

18cwU. 

22  cwU 

26  cwt«. 

35}cwte. 

57cwtM. 

77  cwt». 

89  cwts,  llGrwtii, 

148cwt«. 

3ft.  7  in. 

SftJlin. 

4ft.3in. 

4  ft,  7  in. 

5  ft.  3  in. 

fift.lOin. 

6  ft.  6  in. 

7  ft.  2  iu.  7  ft.  fi  in. 

B  ft. 

3ft.  7  in. 

aitUin. 

4ft3in. 

4  ft,  7  In. 

6  ft.  3  in. 

6ft,7in. 

5ft.lOm. 

6ft.  6  in. 

6ft,10in. 

7  ft.  3  in. 

50 

19.69 

19.69 

55 

I77cwt«. 

Sfteifl. 

7  ft.  3  in. 
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Fig.  247. 


19.   Breltfelfl,  Danek  &  Co.,  of  Prague.   (Type:  Staiielc-) 

The  fact  displayed  by  the  Rider  valve-gear,  that  owing  to  the  oscillations  given  to  it  by 
the  governor,  it  groimd  itself  ateafii-tight  on  to  its  seating,  induced  Mr,  Stanek  to  introduce  a 
novel  valve-gear,  which  we  illustrate  in  Figs.  248 — 251,  In  this  design,  the  main-slide  has  also 
a  cylindrical  form  given  to  it,  whilst  a  uniformly  repeating  oscillatory  motion  is  likewise  imparted 
to  it,  without  how^cver  exercising  any  influence  on  the  cut-off.  The  expansion-plates  work  similarly 
to  the  ordinary  Meyer  Valve-gear,  inasmuch  as  they  are  merely  motioned  in  the  direction  of  the 
cyliiider-axis,  and  their  distance  asunder  is  regulated  by  an  external  hand-wheeL  We  may  observe, 
that  the  lateral  oscillations  of  the  main-slide,  cause  the  sliding  surface  of  the  cylinder  and  of  the 
expansion^valve  to  grind  steam-tight 


Our  woodcuts  (Figs.  248—251)  shew  this  arrangement  applied  to  a  Puraping-EngiBe,  in 
which  the  crank-shaft  is  placed  immediately  behind  the  ateam-cy Under,  while  two  crank-rods 
connect  the  pieton-rod  cross-head  with  the  two  fty-whee!i.  The  tA^o  valVes  are  worked  by  eccentric 
and  crank-loop  from  a  lay-shaft,  the  main-slide  a  receiving  its  two  motions  by  the  arm  Ik  The 
lateral  oscillations  are  effected  by  the  lever  d^  keyed  on  the  valve-rod;  this  lever  gears  into  a 
slow  involving  inclined  groove  c.    The  revolving  motion  is  effected,  by  a  ratchet-wheel  «,  mounted 


Fig.  «6a. 

tff^  a^s  of  the  groove  e,  ina^iich  as  this  wheel  following  the  motion  of  the  eccentric,  is 
^'6Ve(d  f^Hviitd  by  a  \tf6th  ea'crh  stroke,  tlirough  a  pawl  fitted  to  the  engine-bed.  Hence,  each 
^6fHati<yn  of  *tJhe  sKde  depends  oq  the  number  of  'teeth  in  the  ratchet  wheel 

A^bther  arratigeiftent  of  'the  Breitfeld-D^nSk  Valve-gear  type,  in  which  the  nrdinary  Meyer 

^alve-gear  is  applied,  is  illustrated  in  Figs.  252 — 253,      In  this  constructive  example,   'tlie  'crant- 

Bhaft  is  also  placed  close  up  to  the  cylinAeri  and  the  valves  aVe  worked  with  great  exactitude,  by 

driving  them  olf  eccentrics  keyed    on  this  shaft,    and  furnished  for  this  purpose  with   two  arms  a 

and  /^     The  vertieal  motion  is  taken  up  by  a  link  t/,  which  is  connected  with  the  valv«-rod.   Tbe 

^position  of  the  valves  is  altered  in  the  usual  manner. 
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C.    Drag  Valve-gears. 
h   The  Original  Fariot  Vahe-gear, 

As  a  last  type  of  double  valve-gears-^  we  may  class  those,  in  which  the  expansion-valTe 
lies  loosely  on  the  back  of  the  through-ported  main-slide,  the  expansion -valve  Leiiig  coo- 
sequently  dragged  by  the  main-slide  motion,  until  some  external  mechanism  stops  it  from  fnUowiiig 
the  main-slide  any  longer;  valve-gears  embodying  this  principle  were  first  introduced  in  1S58  hj 
Messieurs  Farcot  et  ses  Fils,  of  St.  Ouen,  (near  Paris). 

In  the  annexed  Fig,  254,  a,  represents  the  expanaioii 
valve  made  in  one  piece,  and  h  is  the  cam.  The  inner  edgei 
of  the  expansion-valve,  strike  alternately  against  this  can^ 
and  being  so  stopped  in  participating  in  the  motion  of  tke 
main-slide,  subsequently  shut  ofi"  the  valve^ports;  by  way  of 
an  example ,  with  the  stoppage  of  the  expansion-valve,  and 
continued  travel  of  the  main-slide,  the  edges  m  and  n  work 
gradually  and  approaching  each  other,  nltimately  close  their  port 
But  this  must  have  taken  place  with  the  return  stroke  of  the 
main-valve,  because  then  that  side  of  the  expansion  valve,  is  again  about  to  recede;  outting-off  of 
the  steam  can  therefore  no  longer  be  effected  by  the  expansion  slide,  but  is  performed  at  tie 
piston-stroke  end,  by  the  main-slide.  Hence  it  follows^  that  the  limit  of  the  variableoeii 
of  expansion  coincides  w^ith  the  end-position  of  the  main-slide,  which  is  usually  made  to  oociir  it 
about  7ft^  stroke.  Earlier  cut-offs  are  effected,  by  bringing  the  expansion-valve  sooner  in  cootieK 
with  the  cam,  i*  e,  by  increasing  the  length  y  of  the  cam;  to  this  end,  the  cam  is  maie 
cam-fashion  and  turned.  The  cam  spindle  c  passes  through  the  valve-chest  cover,  and  is  mo- 
tioned by  levers  off  the  governor.      This  simple  automatic  governor  action ,    constitutes  the  mm- 
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the  equation, 


I  = 


advantage  of  the  Farcot-g«4r, 
whereas  the  noise  of  its  working 
and  the  limited  expansion  it  allnwi, 
are  its  chief  defects*  The  Ztms 
Valve-diagram  elucidates  its  woA- 
ing  still  better.  In  Pig.  iW, 
OD,  is  supposed  to  represent  the  main-slide  circle  witi 
the  oomparatively  small  advance  angle  iJ.  The  po&itoc 
of  the  two  valves  for  that  certain  crank-positiaii  whm 
admission-port  is  just  closed,  corresponding  to  a  gites 
cut-off,   may    (according   to  Fig.  255),    be    expressed  kj 

(Valve-travel)  (Z  —  /)  —  I  =  y. 


The  circle  M  has  been  described  to  the  constant  radius  {L  —  Q,  consequently  the  di«tiac< 
between  this  circle  and  the  valve-circle  D,  represents  the  cam-width  y  for  every  crank-po$it»e» 
The  crank-position  O/if,  answers  to  the  latest  cut-off  through  the  expansion-valve;  it  is  tuaal  ^ 
select  corresponding  hereto,  the  smallest  size  of  the  cam  =  a^  which  has  then  to  be  augiiMStd 
to  the  distances   that   the   circles   are   apart  from   each  other,   in  order  to   eflect   earli^  eapJ 
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In  Pig.  259,   we    have  represented  the  piston  stroke  by  the  elliptic  diagram;  t^  is  the  w^^ 
temal-lap,  and  a,   the  port- width.     Accordingly    the  vertical  shaded  area  indicates  the  opening  w^^ 
the  admission-port   by  the  main-slide.     We  have  drawn   the  curves  corresponding   to  cut-offs^    af 
0*1,  0*25  and  0*43,   which  show   the   gradual  narrowing  and  closing   of  the   through   port   by  the 
expansion*valve-     With  later  cut-offs,  the  shutting-oft'  of  the  steam  takes  place  slowly, 

A  full  representation  of  the  valve  motion  is  shewn  in  Fig.  260*  The  main-slide  moves 
continuouslyf  as  the  course  of  the  —  .  —  .  —  .  elliptic  curve  indicates.  The  left  expansion-valvt; 
shewn  in  bhick,  at  first  takes  part  in  the  motion;  and  tJien  comes  to  a  stand-still,  as  r«_*pre3ented 
by  the  vertical  —  —  —  —  line.  The  right  valvu  is  also  at  rest,  because  it  has  come  in  contact 
with  the  tappet.    All  the  valves  move  to  the  left,  somewhat  prior  to  reaching  tlie  position  indicated  by  5. 


2.   Engines  working  witli  tlie  Fareot-Viilve  (jJear, 
a.   Oebr.  SchinaltZj  of  Oftt*iibaeh-oii*Maliie. 

(With  illuatrationa  on  SupplemeDt-Plate  18,  Figs.  1—6.) 

The  Engine  of  Schmaltz  Bros.,   illustrated  in  Supplement-Plate  18,  Figs.  1^ — 6,    belongs  to    | 
this  type,    though    the    through   ports   abut  in  two  openings   in  the  upper  valve-surface,   in   order 
to  obtain  an  exact  working  of  tho  steam.     lu  Fig.  4,  the  valve  is  shewn  in  the   central    positi' 
and   the   cam    Fig.    5,   is    placed    corresponding   to  earliest  cut-off.     Fig.  6   is   draw^u  under  si 
position  of  the  latest  cut-off,  (0*4  stroke),  whence  we  perceive  that  the  ports  on  the  other  aide 
not  quite  open.    The  valve^  which  has  a  travel  of  1*46  in.  (37  mm.)  is  worked  by  an  tnterniedi 
lever,  by  an  eccentric  of  1*38  in.  (35  nmi.}  eccentricity;  keyed  under  an  advanced  angle  of  5**, 
feed-pump,  which  is  r38  in.  (35  ram.)  in  diameter,  and  of  3'15  in.  (80  mm.)  stroke,  is  simultaneoui 
driven  by  the  forcmentioned  intermediary  lever. 

This  compact  and  well-designed  Engine  has  a  cylinder  bore  of  7*87  in.  (200  mm,  :u)d  i 
stroke  of  15*75  in.  (400  mm.).  It  runs  at  100  revs,  per  minute;  whence  the  mean  pist^>n  tipeed 
calculates  itself  at  4  ft.  4'/^  in.  (1"31  m.)  per  second.  Especially  noteworthy  is  the  feed-wat«fr- 
heater,  which  is  divided  into  two  compaitments,  heated  in  turns  by  the  exhaust  steatu.  The 
water  so  heated,  is  pumped  tlirough  the  internal  pipe  by  the  feed-pump;  steam -pressure  -^  (»  atm. 
The  fly-wheel,  serving  as  helt-pulley  is  11*8  cwt.  (GOO  kg.)  in  weight,  the  entire  Engine  weighing 
35*4  cwt,  (1800  kg.).  The  governor  is  driven  by  bolting  at  400  revs,  per  minute;  an  alteration  *>f 
6  per  cent  in  the  speed  causes  the  govenior  collar  to  rise  1'77  in.  (45  mm.).  We  should  not 
neglect  to  refer  to  the  handsome  lagging  in  the  cylinder,  whereby  the  hind  cover  is  also  lagg^ 
with  felt. 

b,    C.  Y.  Liphart,  C.  E. 

(With  illtmimtions  on  Suppleiiufiit-i'lute  18,  Figs,  7 — 12.) 

An  Engine  resembling   the   last  example  in  many  respects,  is  designed  by  C.  v.  LspfajiTt 
and  is  illustrated  by  us,  in  Supplement-Plate  115,  Figs.  7 — VL     Its  cylinder  diameter   and  «tn>kf 
are  also  7*87  in.  (200  mm.)  and  15*75  in.  (400  mm.)  respectively.    The  eccentric  is  keyed  iind«r  as 
advanced  angle  of  20",  and  has  an  eccentricity  of  1*02  in.  (26  mm.).    A  second  eccentric  of  I'^T  ' 
(50  mm.j  eccentricity  works  the  feed-pump,  which  has  a  piston-diameter  of  2'56  in,  (65  miu.> 

e*    Halle'Mebe  Masehhieiifabrlk  und  EisengleHsereU  af  Halle* 
This  Engineering  Firm,    formerly  trading  under    the  stjde    of  A.  Riedel  &  Kemaits,  <hu 
structs  an  Engine  of  a  design  illustrated  in  Pig.  261,    The  engine-bed  is  uf  the  box  i»atteni.   T!if 
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guide-bars  are  supported  at  one  end  by  the  cylinder  stuffing-box,  and  at  the  other  end  by  a  small 
bracket,   through  whose  centre,   the  pia ton-rod  works.     The  dimensions  and  sizes  to  which  these 


Fig.  261. 


engines  are  built,  are  as  follows: 


Horae- Power 


3 

6—8           1 

10— It 

5.11 

8.26 

10.23 

8.26 

14.37 

14,37 

175 

100 

lOD 

39.S7 

tiL7 

74 

4.91 

6.17 

6.17 

4 

10 

12 

13 

27 

34 

Cjlinder-diaraeter  in  iiichei 
Piston-stroke  in  inches       ..         ,. 

Revolutions  per  minute 

Diameter  of  Flywlieel 

Widtli  of  Flantid  Fly -wheel  Face 

Weight  of  Fly*wheel  in  cwts,  

Approximate  Engine  weight  in  cwts 

d.    Coiiipagnio  de  FiYes-LIIU\  at  Fiyes-Lille. 

(With  lUustrtttion-s  on  !Supptcment-11ate  1*J,  Figs.  1 — 6/) 

Whereas  French  Engines  fitted  with  the  Farcot  Valve-gear  generally  retain  the  original 
type  with  its  ornamental  columns,  mouldings,  etc,  which  design  may  now  be  pronounced  to  be 
antiquated,  the  Compagnie  de  Fives-Lille  has  modernised  the  old  design.  The  14  IIl\  Engine 
which  this  Company  extibited  in  Paris  in  1878,  is  drawn  in  Supplemeut-Phite  19,  Figs.  1—6. 
The  cylinder-diameter  =^  19'69  in.  (5Q0  mm.j;  stroke  :=  39*38  in.  (1000  mm.);  Engine  speed  = 
40  revolutions  per  minute.  We  meet  here  with  divided  valves  in  separate  valve-boxes,  which 
merely  communicate  with  each  other  by  a  pipe,  in  w^hich  the  valve-spindle  is  placed.  Each  valve 
chest  cover  is  pierced  by  a  cam-spindle,   which  is  worked    by   the  governor-rod.     On  the   top  of 

18* 
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the  cylinder,  two  small  valves  are  placed,  which  facilitate  the  stoppage  and  starting  of  the  Bngij 
The  two  are  hung  un  a  rod,   so  that  by  a  hand-lever,   steam  may   be  given  either  to  the  one 
the  other  side.      In  their  middle  position,    which   they   assume  when  the  engine    is  working,   th~ 
two  valves  close  the  steam-ports. 

e,    Hermann  Laehapelle,  of  Parte, 

(With  iUustrations  on  Supplement-Plate  i2,  Figs.  6 — 8.) 
The  Woolf-Engine   constructed   by    Hermann  Laehapelle,   is  fitted    with    Farc«.»t's    Valre-" 
gear.     The   cams    arc    fitted  to    a   spindle,   arranged  parallel   to   the   valve-stroke   direction,  aod 
the  cams  themselves  are   of  the   roller  form,      The  High  and  Low  Pressure  Cylinder  are  9*45  iiH 
and  19  72  in,  (240  mm.   and  450  mm.)  respectively  in  diameter.      The   stroke  common  to  both  cy- 
linders is  27'56  in.   (700  ram.).     The  cylinders   are  placed   side  by  side,   and  their  pistou-roda  are 
coupled  with  the  ends  of  the  cross-head  valves  j  the  connecting-rod  is  made  to  work  in  the  middle 
This  30  UP.  Engine  works*  at  (3*5  atm.  (absolute  pressure),  and  runs  at  60  revs,  per  minute. 


3.   E.  BiHirdoii,  of  Paris. 

In  the  Valve-gear  illustrated   in  our  Figs.  262 — 263,   the  moving  parts  of  the  mechanism 
are  also  placed  away  from  the  valve-chest,   being  arranged  at  the  side  and  in  front  of  the  latt 


:zT^ 


Fig.  262, 


Fig.  263. 

Thii  somewhat  complicates  the  design,  which  can  only  be  justified  by  the  very  small  iralfMM 
it  admits.     The  rod  ti,  of  the  main-slide  is  hollow,    so  as  to  take  up  the  rod  A,  of  the 
plates.      This    rod  b^   carries  externally  a  small  frame  c,   which   surrounds   the   cam  dC, 
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on  a  spindle  motioned  by  a  hand- wheel.  Whilst  the  engine  is  working,  this  hand-wheel  is  held 
fast  by  the  tightening-up  screw  s.  The  rod  cr,  of  the  main-slide,  is  connected  to  the  eccentrio-rod 
by  two  rails  //,  and  two  rods  ^  ^j;  in  this  manner,  a  frame  is  formed,  which  is  guided  in  two 
supports.    We  observe  that  this  Valve-gear  must  work  exactly  like  the  simple  Farcot  gear. 


Fig.  S6i. 


Fig.  265. 


L   LouIh  Soest,  of  Diisneldorf, 

Louis  Soest  of  Diisseldorf,  has  adopted  the  Farcot  Valve-gear  in  various  modifications.  In 
the  usual  construction  embodying  the  non-divided  expansion-plate,  we  note  the  special  feature  of 
an  inclined  expansion-valve  surface,  which  dispenses  with  the  use  of  springs,  etc.  This  design  is 
illustrated  in  Figs,  264  —  267,  and  for  the  cam  is  substituted  a  roller,  fitted  with  spiral  lugs 
a  a  J  which  perform  the  same  funotion  as  the  cam.  Attention  must  be  paid,  that  the  knocking 
surtaces  of  the  drag-valve  form  the 
external  edges,  and  that  consequently, 
if  for  the  sake  of  an  example,  we 
assume  the  main-slide  to  be  moving 
to  the  right,  whereby  the  steam- 
admission  ensues  on  the  left,  then 
the  right  knocking-surface  a  comes 
into  play.  In  drawing  the  circular 
diagram,  the  length  Z.,  must  not  be 
measured  from  the  valve-middle, 
but  from  the  cutting-oflF  edge  to 
the  end  of  the  corresponding  roller- 
log.  The  length  i,  must  be  reckoned 
as  from  the  cutting- off  edge  of  the 
expansioo-valve,  to  the  other  side 
of  the  corresponding  impact-surface. 
The  value  L  —  I  then  again  is  a 
constant  magnitude,  whence  may 
be  deduced  the  positions  of  the  valve,  and  the  various  expansion-ratios.  The  development  of  the 
lugs  is  shewn  in  Fig,  267,  the  curve  A  A^  belonging  to  the  lug  nearest  the  crank,  and  the  curve 
BB^  answering  to  the  opposite  lug.  The  eccentricity,  under  an  advance-angle  of  15**,  amounts  to 
1*38  in.  (35  mm.);  the  opening  corresponding  to  dead-oentre  =  0*12  in,  (3  mm.);  the  external  lap^ 
0*24  in.  (6  mm.\  Analogous  to  a  compression  of  0'95,  the  inner  lap  on  the  crank*side  equals 
0*31  in.  (8  mm.),  whilst  that  on  the  external  side  =  0*20  in,  (5  mm.).  The  limit  of  expansion  in 
the  forward  stroke  is  0'42  and  in  the  return-stroke  0*32  of  the  stroke.  The  highest  and  lowest 
positions  of  the  lever  are  indicated  in  Fig.  26(5. 

The  second  modification  (Figs.  268—277)  may  be  termed  the  "forked  Farcot  valve-gear'\ 
In  this  design,  the  mechanism  is  arranged  outside  the  valve-chest,  so  that  the  governor  may  not 
have  to  overcome  the  friction  of  the  stuffing-box.  The  expansion-plate  made  in  one,  has  a  pin, 
which  works  in  the  forked-lever  a,  of  the  axis  h\  hence  this  axis  moves  with  the  oscillations  of 
the  main-slide.  The  other  end»  has  a  small  crank  c,  which  extends  into  the  fork,  which  is  ver- 
tically motioned  by  the  governor.  With  the  oscillations  of  this  fork,  the  crank  c,  is  stopped  by 
the  fork-sides  used   in  place   of  the  cam,   and  steam   is  thereby  cut-otf.     The  curve  of  the  fork  i^ 


Fig.  266, 


Fig.  267. 


of  the  Farcot 
gear,  which  as  ilieaij 
etatedi  oonsiBts  id  the  b- 
mited  degree  of  expansion. 
is  said  to  be  remedied  it 
number  of  modificatioia. 
embodying  the  appUcatiofl 
of  a  second  eccentric,  lad 
which  thus  permits  all  gn^ii 
of  expansive-working. 

Louis  ijoest,  oonstrnci^ 

the  valve-gear  illostraled^ 

Figs.  273—277,    with 

valves.      The    lowest  Tiln 

is  the   main-sliidd  s,   whicb 

works   in  the   nsaal  sfyk. 

the  middle  slide  &,  it  dtifco 

in  such  a  manner  bf  ta  c^ 

centric  ^j^  keyed  under  a  diag-angle,  that  its  course  is  changed  at  about  70  per  cent  of  the  piftafr 

stroke.    The  through-ports  of  these  two  valves  are  made  sufficiently  wide  on  their  oontaot-smfiosi 

as  to  remain  always  open.     The  expansion  is  only  determined  by  the  drag> valve  c,  whose  t 
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form  is  fitted  with  cam  d;  placed  under  governor-adjustment,  airailarly  to  the  Farcot  valve-gear. 
We  may  thus  perceive,  that  the  drag-valve  by  knocking  at  t\  towards  the  piston  stroke  end»  has 
already  fully  opened  the  through  ports;  moreover,  we  note  that  during  the  greater  part  of  its 
travel  with  the  middle  valve,  the  lugs  /,  may  come  in  contact  with  the  cam  t/,  w^hereby  the  limit 
of  expansion  again  coincides  with  the  change  of  motion  of  the  middle  valve;  hence  the  limit  of 
expansion,  may  vary  between  0  and  80  per  cent.  The  exact  form  of  the  cam  is  drawn  in  Fig,  277, 
where  the  lines  A  A  and  B  B^  repreBent  the  lines  of  impact  of  the  lugs  j\  with  the  ranges  of  cut- 
off inscribed.  O  F  is  the  position  of  the  lever  cutting-ofl'  at  OO  stroke,  and  0  Fm  coincides  with 
the  latest  cut-off.  The  eccentrics  of  the  two  valves  are  mounted  to  an  eccentricity  of  1'38  in. 
(35  ram.).  The  raain-slide  a  has  an  external  lap  of  028  in.  (7  mm.).  For  an  equal  compression 
of  0-95,  the  inner  lap  on  the  crank-side  =  0-30  in.  (7*5  mm.)  that  externally  =  0-18  in.  {4'b  mm.). 
The  grades  of  expansion  with  the  forward  and  return  strokes  are  respectively  0'82  and  0-75.  The 
lead-angle  <l  =  16*^  and  the  drag-angle  Sq  of  the  expansion-eccentric  =  34**.  In  drawing  the  dia- 
gram, as  was  shewn  in  Fig.  277,  the  last  valve-circle  indicates  the  cut-offs  corresponding  to  the 
cam  dimensions. 

An  exactly  similar  valve-gear  was  fitted  to  an  Engine  exhibited  by  the  Sachsische  Dampf- 
schiffs-Maschinenbau-Anstalt  of  Dresden. 


5.   Gehw  Decker  &  Co.,  of  CaiiiiHtailt  (Typr:  Kraiisr). 

In  the   valve-gear   illustrated    in   Figs.    278—280,    the  motion   of  the   second   eccentric   is 
utilised  in  another  manner,  inasmuch  as  it  is  not  transferred   on  tu  the  dra^-valve,  liut   on  to  its 
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Fjgfl.  278—280. 
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mgs.  The  middle  valve  is  here  dispensed  with,  and  the  grid  plates  of  the  drag-valve  move  again 
on  the  main-slide  a;  the  remainder  of  the  mechanism  is  somewhat  complicated.  This  mechanism 
must  be  so  arranged,  as  to  be  able  to  impart  two  motions;   namely  the  to  and  fro  motion  of  the 


eccentric,  and  the  movement  from  the 
governor  *) 

III  this  example,  the  valve-rod 
connected  with  the  second  eccentric, 
is  completed  to  form  a  frame  r^  m 
which  the  double  wedge  c,  uhdai 
longitudinally  across  the  cross-piece  i 
(in  place  of  the  Farcot  caut);  thii 
wedge  can  overtake  the  tnain-slide  ia 
its  return-stroke,  and  is  able  ta  push 
the  latter  hy  the  lugs  *,  cast  on  itt 
cover*  These  lugs,  the  inner  side  of 
which  must  be  inclined  a«  the  w&igt 
is,  serve  for  opening  the  througfa-porta. 
They  accomplish  this,  inaamuch  ai 
their  opposite  side  comes  in  regnlii 
contact  with  the  frame  r.  The  go- 
vernor action,  shewn  by  the  rising  or 
falling  motion  of  the  wedge  «r,  is 
etfected  by  the  lever  d^  which  is 
nected  to  the  governor-rod  throa|l 
the  spindle  e  and  the  external  lerer  / 
To  facilitate  this,  with  the  to  and  fr»» 
motion  of  the  wedge,  the  lever  </ 
carries  a  saddle,  w^hich  is  held  in  a 
swallow-tail  guide  <?,  bolted  direct  to 
the  wedge  e. 

The  cut-ofF  obtained  thert&bj. 
is  indicated  bj  a  finger  on  a  dill 
and  in  this  manner  tbe  variableBoi 
of  expansion  may  be  easily  aulo* 
matically  effected  by  the  govenM^r, 
between  the  range  of  CH)5  and  MT 
stroke. 

If  it  be  desired  to  draw  tk 
circular-diagram  for  this  vmlre^gtif. 
we  must  take  into  considersHon,  tk 
relative  motion  of  the  maiii*^ide  U 
the  expansion-valve,  for  we  nni* 
proceed  as  if  the  main*aUde  wu 
stationary  whilst  the  expaosioii-Tilff 
is  moving  towards  the  relatire  Tllf^ 

*)  We  shuH    ihew,    iht 
fulliUeil    in    a    reiou^kntly    sha 
Guhrmucr's  V»lve-gear. 
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circle;  01)^  —  (Fig.  281)  —  is  the  relative  valve-circle.  If  we  also  here  designate,  (as  we  did 
on  page  101),  L  as  the  distance  of  the  internal  edge  of  the  external  port  on  the  top  surface  of 
the  main  slide,  from  its  centre;  /  as  the  distance  of  the  external  cntting-off  edge  of  the  plate 
from  the  middle  of  the  inclined  portion  of  the  lug;  then  with  the  difference  (L—l)  as  radius,  we 
have  described  the  circle  M.  The  distances  between  this  circle  and  the  relative  valve  circle,  in- 
dicate the  variable  widths  y,  of  the  wedge,  as  taken  from  the  middle  of  the  inclined  portion  of 
the  Iwg  to  the  centre  of  the  wedge.  As  almost  the  entire  eccentric  stroke  for  motioning  the  wedge 
during  one  piston-stroke,  comes  into  play,  the  earliest  cut-offs  refer  to  the  lower  negative  relative 
valve  circle,  inasmuch  as  subtracting  its  negative  secant  from  the  value  L  —  /,  gives*  the  sum 
of  the  two,  as  the  diagram  shows. 

A  Condensing  Engine  fitted  with  this  valve  gear  is  represented  in  our  Fig.  282.  Designed 
with  a  cylinder  diameter  of  15%  in.  (400  ram.)  and  a  stroke  of  31  Va  in.  (800  mm.)  and  working 
at  5  atm.  over-pressure,  this  engine  running  at  60  revs,  per  min.,  and  cutting  off  at  ^/^  stroke, 
gave  off  55  HR 


>.   Cliemiiitzer  Werk/ieiigiiuisehiiieiifabrik  (lately:  JoIl  Ziiiimeriuanii), 

of  (lioiyiiitsfi. 

(With  illnstratioiiH  on  Supplement-Plate  20.) 

The   valve-gear  constructed   by   theae  Engineers   is   also   of  the  Kraus'  tj'pe,    being  only 
slightly  modified. 

In  Pigs.  4—7  (Supplement-Plate  20),  we  have  represented  the  valve-gear  by  itself.  Fig,  4 
shews  the  frame  A,  with  its  welded  portion  /•,  on  which  the  double-wedge  j\  slides.  The  cheek  /, 
is  fixed  to  this  wedge  (Fig.  6j,  and  in  its  swallow-tail  groove,  the  saddle  m,  of  the  valve-motion, 
is  made  to  elide.  Differing  from  the  last  named  construction,  this  saddle  is  arranged  direct  to  the 
governor  rod  «,  in  a  more  simple  manner  —  by  a  screw-pin;  the  governor-rod  is  guided  in  two 
stnffing-boxes  of  the  valve-chest  The  upper  end  of  this  rod,  has  the  governor  link- work  fastened 
to  it.  We  may  call  attention  to  the  guiding  of  the  expansion-phi tes  on  the  main-slide.  To  press 
the  slide  more  on  its  seating,  four  springs  are  used,  which  are  screwed  in  the  frame  work  of  the 
main-slide. 
I  In  Figs.  8 — ^13   of  our  Supplement-Plate  20,   we   illustrate   an  Engine   fitted  with   similar 

r  valve-gear,  with  a  divided  main-slide,  which  exercises  however  no  influence  on  the  expansion-valve. 
The  frame  is  represented  by  «,  and  has  the  four  springs  /,  screwed  to  it,  of  which  two  are  always 
pressing  one  expansion-plate  t,  against  the  main-slide;  in  addition,  we  note  four  prismatic  pieces 
ff^  which  serve  to  steady  the  frame  in  case  of  shocks*  The  saddle  rf,  consists  of  two  pieces;  the 
one  part  being  fast  to  the  wedge  c^  works  to  and  fro  with  the  frame,  whilst  the  other  portion  r^^, 
I  slides  in  ti,  working  the  lower  piece  J,  and  the  wedge  c,  vertically,  through  the  rack  k  A  small 
pinion  gears  into  this  rack,  which  is  mounted  on  a  spindle  passing  out  of  the  valve-chest  The 
other  end  of  this  spindle  has  a  worm-wheel  k,  into  which  the  worm  ly  gears,  A  spherical  joint, 
connects  the  worm-spindle  /,  with  the  governor,  and  so  working  in  the  direction  of  its  axis,  it 
reaots  on  the  worm-wheel  i,  as  a  rack*  The  length  of  the  rod  is  regulated  by  turning  the  worm- 
spindle.  The  steam-cylinder  is  9'45  in,  (240  mm,)  in  bore,  and  has  a  stroke  of  19'69  in.  500  mm,). 
lIu  order  to  keep  the  ports  small,  it  has  its  valve-chest  cast  on,  as  close  to  the  cylinder  as  possible* 


Ulllftiid-Talhau«Qti,  Stomal' En fmei. 


Id 
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The  two  valve-chest  covers  are  diiaded  by  a  bridge  plate,  which  serves  for  taking  up  the  externil 
mechanism  of  the  governor,  lii  this  manner,  the  internal  valve-gear  is  easily  controlled  without 
requiring  pulling  to  pieces. 

7.    Ph*  Swidernki,  of  Leipzig* 

Philipp  Swiderski  fits  an  expansion  -  valve-gear  to  those  Engines  he  construcU  m 
sizes  of  6  — 120  IIR,  which  owes  its  origin  to  Mr.  Alfred  Guhraiien  We  represent  this 
design  in  I'igs.  283—286,  and  there  can  be  no  doubt  that  as  far  as  simplicity  is  oonoerned,  it 
excels  the  preceding  example.  It  is  termed  a  "Far cot-gear  admitting  of  all  expansion-grades'",  and 
it  similarly  uses  a  second  eccentric  for  working  the  lugs  which  are  here  arranged  spiral-fashioo 
on  the  valve-rod.  By  turning  the  valve-rod,  the  different  widths  of  the  lugs  come  into  play.  Thii 
design  resembles  the  Meyer  valve-gear  in  many  respects,  inasmuch  as  with  early  cut-offs,  the  ex- 
Figs.  2sa— 286. 


te=i^--^ 


-^f-T^^^, 


-  iL 


&  'i\m.  a 
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pansioii-plates  are  rather  worked  off  the  expansion-eccentric,  than  dragged.  On  the  top  of  Uie 
main-slide  a,  (whose  through  ports  divide  into  two  openings  on  its  back),  we  find  the  exp&nsioih 
plates  b^  which  are  guided  in  a  ledge  shewn  in  our  drawing;  these  expansion-plates  do  not  slid* 
in  the  valve-box,  but  on  a  plate  fixed  over  the  main-slide. 

The  expansion- valve  rod  carries  a  sleeve  c,  wlvich  has  a  cam  for  each  expansion -pUte; 
the  internal  slanting  sides  i  of  these  cams,  are  rectilinear  aod  perpendicular  to  the  direction  of 
motion,  whereas  tlie  external  sides  d  are  of  a  spiral-form,  ('orrespoudiug  to  these  sides  of  tiw! 
cams,  each  expansion-plate  has  two  lugs  e  and  *'j,  and  accordingly,  their  inner  sides  t  are  mrraoged 
parallel,  whilst  tlie  external  surfaces  e^  are  spirals  to  augment  the  contact-surface  with  the  logs. 
The  distance  of  the  lug-surfaces  e  and  <^j,  facing  each  other  on  each  expansion-plate  are  oonstiali 
whereas  those  surfaces  of  the  sleeve  which  come  in  contact  with  each  other,  and  which  therelbit 
also  serve  for  working  the  expansion-plates,  may  be  varied  in  their  distances  apart  by  turning  the  slecrr- 

Frojn  this  description,  we  perceive,  that  the  valve-rod  allows  itself  to  he  easily  tumttJi 
on  account  of  its  running  idle  twice  during  each  piston-position,  whereby  the  governor  reacti^ 
on  the  valve-rod  is  facilitated.  The  opruing  of  the  through-ports,  through  contact  of  the  expio^ 
sion-plates  is  also  easily  done,  because  wliilst  oi*ening,  the  plates  are  not  heavily  pressed*  Th« 
governor  is  placed  before  the  valve-chest,  and  is  mounted  on  a  support,  which  helps  to  gutdf  tfcf 
two  valve-rods.     The  expansion  valve-rod    has  a  slot  inside  this  support,   over  which  a  lever  A  • 
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pushed  looaelj,  so  that  its  wedge  passes  through  this  slot.  In  this  uianuer,  the  lever  h^  though 
not  participating  in  the  to  and  fro  motion  of  the  valve-rod,  is  able  to  turn  the  latter,  wheu  the 
rod  leading  from  the  governor  demands  such  action. 

8.  A,  voii  tier  Becke,  of  the  SiiinlHiger  Eiseiihiitte,  near  iHerloliii. 

(Type   (iiihrauer). 

(With  illuBtrfttionH  on  Supplement-Plati?  13,  Figs.  6—11.) 

At  the  Diisseldorf  Exhibition  of  1880,  an  Engine  was  shewn  in  motion,  coiistmcted  by 
A,  von  der  Becke,  of  Iserlohn ;  it  is  this  examjde  we  illustrate  on  Supplement-Plate  13,  Figs.  6 — 11, 
The  valve-gear  is  based  on  the  same  principle  as  the  preceding,  hut  separate  moin-slidee  are 
arranged  for  each  cylinder-side,  whose  through-ports  diverge  into  four  narrow  openings.  The  ex- 
pansion-plates  are  here  also  independent  of  the  main-slides,  and  are  guided  in  ledges.  The  expan- 
sion-rod carries  a  sleeve,  which  is  supplied  at  its  ends  with  two  straight  lugs,  whilst  its  middle 
is  provided  with  two  inclined  lugs,  corresponding  to  which  the  lugs  on  the  expansion^plates  are 
formed.  The  valve-rod,  and  consequently  also  the  sleeve,  is  controlled  by  the  governor  by  an 
external  lever.  The  maximum  declination  of  the  governor  balls  corresponds  to  a  turn  of  the  valve- 
rod  of  about  00*^,  and  to  an  alteration  in  the  cut-oiF  of  from  5  to  TO  per  cent. 

The  engine  exhibited  had  a  cylinder-bore  of  11 '81  in.  (MO  mm.J  and  a  stroke  of  23*62  in, 
(600  mm.)  and  worked  at  65  revolutions  per  minute.  The  slide  bars  are  hfired  nut  of  the  girder- 
frame,  cast  in  one  with  the  crank-shaft  pedestal.  The  cylinder  and  valve  chewt  are  also  cast  in  one  piece 
and  the  inferior  side  of  the  steam-ports  is  arranged  sufficiently  low,  to  let  the  condensed  water  flow  off. 

The  condenser  and  steam-cylinder  rest  on  one  bed-plate;  the  pipe  leading  from  the  cy- 
jinder  to  the  condenser  is  furnished  with  two  valves,  allowing  the  condenser  to  be  cut  ofi\  when 
off  duty  whilst  the  engine  is  running. 


t).    John  Tiiriibiill^  Junior,  of  (jJlasgow. 

Though  not  belonging  to  the  present  division, 
Btill  as  TumbulPs  Valve-gear  has  hitherto  been 
omitted,  we  may  make  good  this  omission  by  insert- 
ing it  here. 

Any  system  of  Cut-ofF  gear  is  imperfect   that 
does  not    comply    with   the  following   conditions.     L 
The    travel    of   the   valve  should    be    constantly   the 
same,     2*   The  area  opened  up 
for  admission  should    also    be 
Btantly  the  same.     3,     The 
capability  of  prolonging  the  ad- 
mission   to    any    part    o{    the 
stroke,  and  4.  Simplicity  of  de- 
tail with   the  fewest    number 
of  parts. 

The  Cut-otf  gear  de- 
signed by  Mr.  Ji*lni  Turn  bull 
Junior,   of  Glasgow,   seeks   to 


Fig.   287, 


sam 
Bfor 


,IMiLlik,i,i,-:ill 
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oomply  with  the  whole  of  these  conditions.  From  Fig.  287,  it  will  be  seen  that  short  slide  valves  are 
employed,  one  at  each  end  of  the  cylinder  to  ensure  short  steam  ports,  whilst  a  cut-off  plat«  is 
used  to  work  on  the  back  of  each  valve,  at  right  angles  with  it  The  travel  given  to  the  cat-oi 
plates  never  exceeds  V4";  the  area  opened  iip  is  nearly  twice  that  of  the  steam^ports,  with  a  view  of 
obtaining  the  full  boiler  pressure  on  the  piston.   The  cut-off  plates  are  actuated  by  a  single  scsrol' 


^A 


which  works  on  a  spindle  driven    by  wheel  gear  at  the  same  numl»er  ot  revolutions    as  the  cr»n 
shaft.     By  prrdonging    this  spindle   it  may  also    be  used   for    driving  the  governor.      The  cam  a 
raised  or  lowered  by  the  action  of  the  governor,  and  thus  cuts   off  the  admission   sooner  or  later 
as  the  Ii»ad  necessitates. 

Our  other  wi)(»d-ciit  Fig.  288,  is  Mr.  Turnhull  s  patent  Tandem  Compound  Engine  witiin 
slides.     It  is  fitted  with  his  Cut-off  gear;    it  has  his  patent  double  parallel  motion    which  rein 
the  friction  and  works  the  air  pump,   as  well  as  prevents  the  weight  of  the  pistons  frou)  bearing 
on  the  cylinders. 


C.    Piston  valve-gears  and  Balancing  Arrangements. 

On  acciiunt  uf  the  friction  which  the  slide  experiences,  being  augmented  with  iucr^ite  < 
steam-pressure^  and  this  defect  proving  very  considerable  with  large  slides,  it  has  to  be  remedied 
balancing  the  slide  from  the  otherwise  bnrthening  steam-pressm^e.     Whereas,  certain  arrangetnenCi 
merely  partially  balance   the    flat   slide-valve  types^   with  piston  valve-gears    we  obtain  a  pcrftH 
balancing,    which   advantage    makes    itself   especially   felt    with    "reversing-gears".       The    slidiq 
surface    of  piston  valves   is  cylindrical^   and    the  steam-port  forms    an  annular  opening,    whidi  m^ 
however   not  continuous  but   is  interrupted   by   ribs   on  the  surface    of  the  metal-coutacL     These 
serve  the  purpose   of  carrying  the  packing  rings   of  the  valve-piston    over  the  port  edgea  witho 
knocking;    but,    to  avoid  these  ribs   causing  a  local  wear  of  the  packing   rings*    they   aw  not  U-" 
ranged  parallel  to  the  piston-valve  motion,  but  spirally  or  curve-fashion, 

a.    J,  Powlor  &  Co,,  of  Leeds* 
As  our  Fig,  289  shews,   the  piston-valve  adopted    by  Messrs.   X  Fowler  &  Co.,   of 
must  always  be  used  in  a  divided  form,  which  thereby  secures  the  additional  advantage  of  oWaii* 
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ing  narrow  steajii*ports.  The  three  cavities  A^  Ai  and  B^  are 
partitioned  off,  steam-tight,  by  the  two  pistons,  so  that  the 
same  pressure  always  exists  in  the  cavities  A^  A^,  so  differ- 
ing from  the  space  B.  It  matters  not,  whether  the  live-steam 
dnters  at  ^4,  /l^,  whilst  B  is  the  exhaust,  or  vice- versa.  This 
last  named  case,  takes  place  in  our  wood-cut;  for  in  the  position 
of  the  steam-piston  /J,  live  steam  passes  out  of  A^  through 
the  port  «i,  behind  the  piston,  and  the  exhaust  takes  place 
through  the  port  «,  into  the  cavity  A.  The  piston  valves 
slide  in  cast-iron  cylinders,  w^hich  contain  the  inclined  slots. 
In  order  to  balance  the  weight  of  the  two  piston-valves,  the 
diameter  of  the  upper  valve  was  made  ^1^  inch  (6  mm,)  larger 
than  that  oj^  the  under  one;  thus  the  greater  pressure  in  B 
counteracts  the  piston-valve  weight. 


jfr"— iti(^ 


Fig.  289. 


b,    J.  €•  Hoadley  Company,  of  Lawrence,  Mass.  (U-  S.  A.) 

In  these  piston  valve- gears,    special  care  must  be  taken  in  tlie  steam-tight  packing  of  the 

piston-valves;     and    the   side   walls  of  the  piston   bod}^   should  recede  more  than  occurs   with  the 

ordinary  steam-piston,    so  as   to  prevent  throttling   the    stcaui    wlu'o    opened.     In  this  respect  the 
[piston    valve,    illustrated   in    Fig.   2B0,    of   the   J.    C.    Hoadley   Si    Co.   is   commendable.      It   has 

a  lap-width  of  2*/^  iu»  (H4  mm),   which  is  fiirmed  by  tw^o  rings,  that  are  feathpr-tongued  into  each 

other.     They  are  kept  together  by  the 

two    side-discs    of   the   piston,     which 

slightly   protruding,   are  rounded   off. 

The  wear  of  the  jiacking-rings  is  com- 
I  pensated   for,    by    the    inner    ring   a, 

which  by  the  pressure    of  the   conical 
(diBC  b^   is   opened   out.      To   fix    the 

distance    between   the  piston- valve,    a 

cast-iron  sleeve  t\  is  inserted.     In  this 


Fig.  290. 


Bcoustruelivc  example,  the  inner  cavity  A^  forms  the  exhaust^  whilst  live  steam  enters  at  i/,  and 
Sx'  The  inner  and  external  laps  are  respectively  0*12  and  IH^  inch  (3  mm.  and  39  mm.);  and  as 
the  eccentricity   of  the  eccentric  amounts    to  2  in.  (51  mm.)   expansion  only  begins   at   '/a   stroke. 

^1%  Jeremiah  Mead,  of  MlddlesliorouirU- 
If  it  is  already  difficult  to  make  a  good  steam-tight  packing,  with  the  simple  piston-valvo, 
3  much  more  so,  in  the  arrangement  of  double  valves.  Still,  all  complicated  packing  may  he 
v^^iated,  if  the  piston  is  provided  with  a  number  of  narrow  grooves,  which  filling  with  condensed 
water,  so  form  a  tight  joint.  We  represent  in  Figs*  '291  —  294,  a  double  piston-valve  gear  applied 
to  a  vertical  engine,  as  introduced  by  Mr.  J*  Head,  of  Middlesborough.  The  main-slide  t\  is 
l-worked  frum  a  vertical  faDing  rod  I>^  from  one  eccentric,  wdiereas  the  expansion-valve  E^  is  also 
l-worked  centrally  from  a  rising  rod  F,  from  an  eccentric,  off  an  intermediate  link.     The  woodcuts 
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giiie,  of  the  Bochum  Rolling-Mills.  On  at^count  of  the  Valvf- chest  being  cast  in  one  with  the 
cylinder,  (so  as  to  compensate  for  the  wear  and  tear)^  the  valves  work  in  separate  and  independent 
valve-surfaces  let  in.  The  steam  enters  at  J5,  and  exhausts  through  ^4.  The  connecting  pipe  6*  is 
fitted  with  a  three-way  cock,  which  serves  for  starting  the  engine,  when  the  steam-port  is  already  closed. 
The  main-slide  is  worked  from  the  central-rod  i>;  on  the  other  hand,  the  expansion  rod  is  worked 
by  two  external  falling  rods  *,  Sj  conpled  together  by  a  cross-beam.  This  cross-beam,  which  is 
guided  by  a  long  sleeve,  along  the  valve-spindle  of  the  main-slide,  has  the  expansion  eccentric 
rod  coupled  to  it  eccentrically.  This  eccentric  only  permits  fixed  expansion.  The  main  slide  is 
packed  against  the  valve-chest  by  spring  rings,  whilst  its  own  weight  is  compensated  for,  by 
the  plunger  piston  C;  on  the  other  hand,  the  expansion  valve  is  simply  ground  in. 

e,    L.  Onliiottc,  of  MarieMont* 

(With  illusirotion  on  Supplement  -  Plate  12.) 
A  large  Beam-Engine  of  L.  Guinotte  of  Mariemont,  represented  on  Plate  12,  is  also  furnished 
with  an  expansion  piston- valve  gear.  In  this  example,  both  main  and  expansion  valves  are  packed 
steam-tight  by  spring  rings*  The  former  is  worked  by  two  lateral,  the  latter  is  driven  by  a 
central  valve-rod.  The  coupling  of  the  lower  and  upper  portion  of  each  of  the  slides  is  rendered 
sufficiently  explicit  by  our  Drawings,  Steam  admission  takes  place  in  the  centre  of  the  Valve- 
chest,  whilst  the  two  end-cavities  of  the  chest,  communicate  with  the  Condenser  Barring  a  few 
alterations  which  depend  on  the  moxmting  of  the  Engine,  the  external  Valve-gear  is  the  same  as 
described  on  pag^  90. 

»f.    P.  Wlrtz,  af  Deutz^  near  Cologne, 
(With  ill astrati oils  on  SHpplenienr-Plate  9,  Figs,   9 — 15.) 
Piston-Valves   are  also    introduced  on  the   Meyer  Valve-Clear  system  in  the  patented  type 
of  P,  Wirtz,   of   Deutz.     An  engine   fitted   with   this    gear,    is   illustrated  in  Supplement-Plate  9, 
Figs.  9^ — 15.      The  central  motioning   of  the    two  piston-valves    is  effected   by  making  hollow  the 
[rod   of  the  main-slide,  and  passing  that  of  the  expansion-valve  inside  it.     The  main-slide  is  drawn 


F\g,  296.  Fjk.  2ft7. 

to  an  enlarged  scale  on  Pig.  14,  which  also  shews  us  the  method  of  packing  applied,  as  well  as 
'the  four  ribs  J.     The  form  of  the  expansion-valve  is  drawn  in  Fig.  15.     To  prevent   the  packing 

rings  of  the  main  piston-valve  fastening  themselves  in  the  exJiaust-port,  when  the  maio-slide  is 
'being  removed  from  its  cylindrical  chest,  it  is  arranged  with  eight  ribs  o,  as  shewn  in  Fig.  12. 

The  Balancing  of  slide-valves  is  generally  restricted  to  Ileversmg-gears.  One  of  the  most 
i usual  constnictions  for  balancing  such  slides,  in  which  a  circular  portion  of  the  slide  is  packed 
I tteam-tight,  is  shewn  in  our  Figs.  296—297. 
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Fig.  298. 


Fig«,  800-301. 


Fig.  299. 


Ill  this  examjilei  a  tam- 
Irac  ring  slides  un  the  worlud 
surface  of  the  valve.  Thiir 
metal  ring  is  grasped  by  a 
wrought -iron  ring,  which  u 
guided  in  a  slot  of  the  Val?e- 
chest  cover,  and  which  is  pres- 
sed externally  by 
springs  by  a  secooi) 
cast-iron  and  indiA- 
rubber  ring.  Veiy 
simple  is  the  baktic- 
ing  method ,  shewn 
in  Figs.  29i<  —  m. 
The   valve,   slides 


a  cast-iron  strap,  which,  at  its  lower  side  is  supported  by  the  two  sides  of  the  valve.  A  spi 
6\  prevents  the  accidental  recession  of  the  strap.  In  Figs.  300—301,  we  illustrate  Dai 
balancing-methoil,  which  is  much  used  here  in  England.  The  back  of  the  slide  has  a  rectangi 
plate  a,  attached  to  it^  by  four  screws;  clamped  betw^een,  is  a  thin  plate  i,  w^hich  is  rivetted 
its  outer  edges,  with  a  cast-itoii  frame  c,  w^hosp  upper  part  slides  on  the  worked  surface  of 
cover.  The  opening  e,  serves  the  purpose  of  shewing  any  escape  of  steam,  due  to  the  valve  nrf 
fitting  steam-tight. 


!)•    Reversing- Gears. 


All    Engines 
to   be   fitted    with    a 

I 


which     at    times 
"reversing  -  gear", 


FitfH.  302— 3*M, 

On  the  other  hand,    two  eccentrics 
following  exampk'S : 


are     required    to    run     in    opposite     directions,     hive 
—    L    e.     with    a    mechanism,    which    works    the   valri; 

in  such  a  manner,  that  the 
distribution  of  the  steam  mij 
bt:  instantaneously  altertd. 
As  a  rule,  the  motion  of  tit 
slide  is  made  dependent  oo 
two  eccentrics,  which  co^ 
responding  to  the  two  roUiy 
directions  required,  are  kcyti 
accordingly  on  the  mam-shaft 


ru*('  no 


t  always  required,   as  will  be  explained  by  At 


a.    Daiiek  &  Co.*  of  Prague. 

(With  illujrtnitionji  on  Sup|)lomeiit-rifttc  II.  Fig*.  1 — 5,) 

The  small  Engine    drawn    on  Supplement-Plate  11^   is  made  by  Danek   &  Co^   ut  Pnfie« 
and  is  of  the  double  form  shewn  in  Figs.  302—304.     By  turning  the  valve,  the  axis  AA^  wBS 


FijA 


-G; 


i- 


L^^^  ^ 


i4L 
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may  be  made  to  coinoide  with  that  of  the  cylinder.    In  the  first  case,  the  ordinary  slide  illustrated 

in  Fig.  302  comes  into  play,  and  the  engine 

works    forward ;    the    distrihtition     of    the 

steam  is  however  immediately   reversed  by 

the  E-slide  shewn  in  Fig*  304,    which  acts 

as  soon  as  the  axis  BB  is  brought  normal 
1  to    the    cylinder-axis.      In   this    valve-gear, 

the  eccentric   must    bo   keyed  90**   in   front 

of  the  crank,    whereby  naturally  no  expan- 
1  sive  w^orking  takes  place. 

In  Figs.  305—309,   we    illustrate  a 
I  Becond  reversing  gear,  also  applied  by  these 

Engineers ,    and    which    only    requires    the 

application  of  one  eccentria     In   this    case   an  E-slide    is  used,    which 

reverses   the  steam-distribution,   as  soon   as   its  oscillating   centre  .r  is 
I  shifted.     The  valve  is    drawn   in  its    central  position  in  Fig,  A^   when 

reversed,   and  in  Fig.  B^   it  is  similarly  drawn  when  forward-running,    whereby  the  centre   of  the 

valve  has  been  shifted  to  the  distance  S.  But  if  it  is  merely  shifted  to  y  (Fig.  (T),  then  the 
^  steam  is  so  distributed  as  to  cause  the  engine  to  stop.     In  these  Figures,  the  acting  edges  of  the 

admission  are  marked  with  1,  and  2,    whereas  those  of  the  exhaust  are  represented   by  3  and  4. 

The  external  mechanism  is  drawn  in  Figs.  308 — 309.  The  reversing-spindle  a,  carries  the  lever  Z», 
I  to  which  the  double4evcr  c  is  suspended.  It  is  connected  at  d^  with  the  eccentric-rod,  and  at  e 
[with  the  valve-spindle.  In  Fig.  308,  the  lever  e,  is  shewn  in  a  position  corresponding  to  the 
Ireversing-moment;  but  if  the  spindle  a  is  turned,  to  the  extent  of  S^  then  reversing  takes  place. 


Fig.  308. 


Fig.  309. 


r^i 


FiflC 


Figs.  30&— 307. 


XX^, 


b.    Joseph  llemays,  of  London. 

(With  illfistrnttoiis  on  Stipplemcnt-Plftte  21,  Figs.   1 — 15,) 

It  frequently  happens,  that  a  loose  eccentric  is  used  in  "Reversing  Gears'^  which  is  carried 

f  along  by  a  lug  w,  on  the  shaft.     Figs.  310— 311,  shew^  this  arrangement    If  the  crank  K^  revolves 
in  the  direction    of  the  arrow  jj,   then  the  loose  eccentric  E^   which   is  connected   with  a  counter- 
weight Q^  for  balancing  purposes,  is  moved  by  the  lug  a,  at  a,  in  the 
same  direction.    For  reversing  purposes,  the  eccentric  must  be  shifted 

from  its  position  D  towards  iJ^y  i.  e.  round  an  angle  of  (180^ — 2el), 

and  this   in    the  same  direction   as  the  Engine   is  rimning,   till  the 

lug  «!  cornea  in  contact  with  the  opposite  side  e  of  the  lug.     With 

Bmall    sized   Engines,   the  eccentric   is  turned   by  hand,  whereas   in   ^ 
rge  Engines   the  eccentric-rod   is  unhooked,  and  the  valve  is  mo-    ^ 
ioned   by  hand,    so  that   the  crank  turns   in    the  direction  of  the 

arrow  p^,  whereby  similarly  the  surfaces  s^  and  e  come  in  contact 

with  each  other. 

kAn  Engine,  possessing  one  of  these  valve-gears  is  represented  ^      am— sii. 

D  Supplement*Plate21  (Figs.  1—10),  as  designed  by  Joseph  Bernays, 
f   London.      It  deserves   special  mention   on  account  of  its    peculiar   design.      It  consists  of  two 
vertical  cylinders,  between  which   the  crank-shaft  is  supported.     By  employing  a  "j"- formed    con- 

^-         Ublaiid  To!li<iUBOj]i,  Sttam-En^Jicf.  ^*^ 


154 

necting-rod,  which  is  connected  to  both  piston-rods,  the  occurrence  of  dead-centre  is  obviated,  as  a 
thrust  is  continually  exercised  on  one  of  the  crank-pins.  The  geometrical  connection  is  shewn 
in  simple  Jines  in  Fig.  10.  Round  0,  the  crank-circle  is  described,  and  the  crank  is  shewn  in 
eight  different  positions  from  A  —  //.  The  corresponding  positions  of  the  pistons,  which  are 
indicated  for  the  one  by  a,  b^  c,  and  for  the  other  by  a,,  6,,  c^,  result  in  travels  differing 
from  each  other.  Therefore,  on  account  of  the  crank  in  relation  to  the  piston-motion,  differing 
from  the  simple  crank-mechanism,  the  triangular  connection  in  a  smaller  scale,  must  be  repeated 
for  eccentric  and  valve-rods.  As  we  have  merely  one  crank  to  deal  with,  only  one  eccentric 
effects  the  distribution  of  the  steam  for  the  two  cylinders.  Fig.  2,  explains  the  reversing  me- 
chanism, inasmuch  as  JST,  is  the  lug,  and  6r,  the  counter-weight,  which  is  cast  in  one  with  the 
eccentric  and  the  disc  S, 

The  Compound  Marine-engine  drawn  on  the  same  Supplement-Plate,  in  Figs.  11 — 15,  is 
designed  for  Paddle-steamers.  The  one  eccentric  works  the  two  main-slides,  whereas  a  second 
eccentric  works  the  Meyer  expansion  plates  of  the  small  cylinder.  The  latter  has  a  bore  of  2  ft. 
6  in.  (762  mm.)  whilst  the  low  pressure  cylinder  diameter,  measures  3  ft.  9  in.  (1143  mnL);  the 
stroke  of  the  two  cylinders  amounts  to  4  ft.  6  in.  (1372  mm.). 

e.    Stephenson's  Link-gear. 

The  most  usual  Reversing-mechanisms  are  the  "Link-gears";  amongst  which  the  Stephenson 
Link-gear  is  the  most  prominent;  it  is  illustrated  in  Figs.  312 — 314.  The  shafts,  has  two  eccentrics 
B  By  keyed  on,  which  are  mounted  corresponding  to  the  direction  of  rotation.    The  eccentric  rods 


Figs.  812—314. 

C  and  Cyy  are  connected  with  the  link  D  7>,  which  is  curved  to  a  radius  =  the  length  Z,  of  the 
eccentric  rod.  In  this  link  the  block  of  the  valve-rod  E  glides.  The  link  is  suspended  from  its 
point  i,  and  can  be  thus  raised  or  lowered  by  the  bell-crank  G  G^,  connected  to  the  hand-lever 
J,  by  the  rod  H.  Every  point  of  the  link  can  be  utilised  for  working  the  valve-rod;  the  middle 
position,  in  which  the  hand-lever  J,  is  notched  in  0,  of  the  arc  if,  corresponds  to  the  stoppage  of 
the  engine.     But  accordingly  as  the  link  is  moved,   causing  the  slide  to  be  shifted   more  by  the 
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7.47 

2,36 

1.38 

o.oeXi.77 

3,15 

2.83 

3  35 
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one  or  the  other  eccentric,  the  engine  runs  in  the  direction  answering  to  the  manner  in  which 
that  eccentric  is  keyed  on  the  crank-shaft.  The  end-positions  of  the  link,  correspond  to  latest 
cut-offs,  whereas  in  the  intermediate  positions,  the  engine  is  made  to  work  more  expansively. 

d.   Ch.  Beer,  of  Jemeppes  (Type:  Cfooeh). 

(With  illustrations  on  Supplement-Plate  10,  Figs.  1 — 6.) 
As  a  second  link-gear,  we  present  the  one  used  by  Ch.  Beer  on  the  Engfine  illustrated  on 
Supplement-Plate  10  (Pigs.  1 — 6).  This  valve-gear  is  almost  exclusively  used  on  "Winding-engines", 
where  the  Engines  are  long  in  design.  The  link  is  no  longer  shifted,  but  its  block  is;'  for  this 
reason,  the  straight-working  valve-rod  is  connected  to  the  link-block  by  an  intermediate  rod.  The 
link  is  consequently  curved  to  the  radius  of  this  rod  (Pig.  1),  and  is  driven  by  a  fixed  lever. 
The  reversing  shaft  carried  transversely  under  the  engine  bed,  as  well  as  the  reversing  lever  are 
illustrated  in  Fig.  6.  This  Engine  also  shows  the  combination  of  the  Meyer  Valve-type  with  a 
Reversing  gear;  in  this  case,  the  link  merely  serves  for  reversing  purposes. 

e.  and  f*   Deprez  &  Plus  Fink. 

In  conclusion,  we  will  merely  revert  to  the  two  Reversing-gears  of  Deprez  and  of  Pius  Fink. 
These  link-gears  may  be  easily  referred  to  the  Expansion  Valve-gears  of  the  same  Engineers.  The 
first  was  illustrated  on  Supplement-Plate  3.  The  link  C,  merely  requires  to  be  symmetrically  pro- 
longed downwards  beyond  the  engine-axis,  for  then,  these  inferior  link-block  positions  command  a 
contrary  steam  distribution.  Naturally,  the  rod  2^,  may  no  longer  be  connected  with  the  governor. 

The  same  remark  applies  to  the  link-gear  of  Pius  Fink,  when  brought  in  relation  to  the 
gear  described  on  page  63.  Here  also,  it  is  merely  requisite  to  prolong  the  link  downwards, 
beyond  the  machine  axis,  whereby  the  point  of  impact  Q,  of  the  guide-rod  has  to  be  arranged 
between  the  eccentric  and  the  link.  The  screw-spindle  is  dispensed  with,  and  a  hand  lever  is  sub- 
stituted, for  the  guide-rod  iV^,  of  the  valve-spindle. 

As  a  reversing-gear,  this  arrangement  has  found  little  application,  and  is  inferior  to  the 
Stephenson  and  Gooch  types,  on  account  of  its  merely  permitting  early  cut-offs. 
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